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ARYLOXY AND ARYLALKYLENEOXY SUBSTITUTED

IMIDAZOQUINOLINES

RELATED APPLICATIONS

The present invention claims priority to U.S. Provisional Application Serial No.

60/498270, filed August 27, 2003, and U.S. Provisional Application Serial No. 60/581254,

filed June 1 8, 2004, both ofwhich are incorporated herein by reference.

BACKGROUND
There has been a major effort in recent years to find compounds that modulate the

immune .system. Examples of such compounds, which have demonstrated cytokine

inducing and immunomodulating activity that render them useful in the treatment of a

variety of disorders, include certain li7-imidazo[4,5-c]quinolin-4-amine, li/-imidazo[4,5~

c] pyridin-4-amine, tetrahydroquinolin-4-amine, naphthyridin~4~amine
5 and

tetrahydronaphthyridin-4~amine compounds as well as certain analogous thiazolo and

oxazolo compounds.

But despite important progress in the effort to find immunomodulating compounds,

there is still a critical scientific and medical need for additional compounds that have an

ability to modulate aspects of the immune response, by induction or inhibition of cytokine

biosynthesis or other mechanisms.

SUMMARY
A new class of compounds useful for modulating cytokine biosynthesis has now

been found. In one aspect, the present invention provides such compounds, which are

of the following Formula I:
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I

wherein R, n, R?

, R" and R3 are as defined below; and pharmaceutical^ acceptable salts

thereof.

5 The compounds and/or salts ofFormula I are useful as immune response modifiers

(IRMs) due to their ability to modulate cytokine biosynthesis (e.g., induce or inhibit the

biosynthesis or production of one or more cytokines) and otherwise modulate the immune

response when administered to animals. This makes the compounds or salts useful in the

treatment of a variety of conditions such as viral diseases and neoplastic diseases that are

1 0 responsive to such changes in the immune response.

In another aspect, the present invention provides pharmaceutical compositions

containing an effective amount of a compound or salt of the invention, and methods of

modulating (e.g., inducing or inhibiting) cytokine biosynthesis in an animal, treating a

viral disease in an animal, and treating a neoplastic disease in an animal, by administering

15 an effective amount of one or more compounds ofFormula I and/or pharmaceutical^

acceptable salts thereof to the animal.

In another aspect, the present invention provides methods of synthesizing

compounds ofFormula I and intermediate compounds useful in the synthesis of these

compounds. Certain of these intermediate compounds, for example, compounds of the

20 Formula VII decribed below, have also been found to be useful as immune response

modifiers as described above. Accordingly, the present invention provides pharmaceutical

compositions containing an effective amount of one or more of these compounds and/or

salts thereof, and methods ofinducing cytokine biosynthesis in an animal, treating a viral

disease in an animal, and treating a neoplastic disease in an animal, by administering an

25 effective amount of one or more of these compounds and/or pharmaceutically acceptable

salts thereofto the animal.

As used herein, "a," "an,'
9
"the,

55
"at least one,

55 and "one or more55
are used

interchangeably.
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The terms "comprising" and variations thereof do not have a limiting meaning

where these terms appear in the description and claims.

The above summary ofthe present invention is not intended to describe each

disclosed embodiment or every implementation of the present invention. The description

that follows more particularly exemplifies illustrative embodiments. Guidance is also

provided herein through lists of examples, which can be used in various combinations. In

each instance, the recited list serves only as a representative group and should not be

interpreted as an exclusive list.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE

INVENTION

In one aspect, the present invention provides compounds of the formula (I):

NHL

R3 is selected from the group consisting of:

-Z-Ar,

-Z-Ar'-Y-R4,

-Z-Ar'-X-Y-R4,

-Z-Ar'-Rs, and

-Z-Ar'-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

Ar is selected from the group consisting of aryl and heteroaryl both of which can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

l

3

wherein:

-O-;
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haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

Arr

is selected from the group consisting of arylene and heteroarylene both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more

-O- groups.

Y is selected from the group consisting of:

-0-C(0)-0,

-N(Rs)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8K
-C(R6)-N(OR9K

J- N-Q—

S(O)0-2-,

-S(0)2-N(R8)-,

~C(R6)-,

-C(R6)-0-,

-0-C(R6)-,
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—V-N -A—

V r
I

Rl °
, and

-/^^N-C(R6
)-N

5

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted

or substituted by one or more substituents independently selected from the group

10 consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy,

mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

15 R5 is selected from the group consisting of:

each Re is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

20 arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -S(0)o-2-> -CH2-, and

-N(R4)S
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Q is selected from the group consisting of a bond, -C(R6>, -C(R6)~C(R6)- ?

-S(0)2-, -C(R6)~N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C^-N^Rc,)-;

V is selected from the group consisting of-C(R6)- 9 -0-C(R6)~ ?

-N(R8)-C(R6)~, and -S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a 4- b is < 7;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

R and R" are independently selected from the group consisting ofhydrogen and

non-interfering substitutents; and

nisOor 1;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention provides a compound ofthe formula (II):

R3 is selected from the group consisting of:

-Z-Ar,

-Z-Ar'-Y-R4,

-Z-Ar ?-X-Y-R4,

-Z-Ar'-R5 , and

-Z-Ar'-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-O-;

Ai is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

k

3

n

wherein:



WO 2005/020999 PCT/US2004/028021

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

Ar' is selected from the group consisting of arylene and heteroarylene both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

n is 0 or 1

;

Ri is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4,

~X-Y~X-Y-R4 ? and

-X-R5 ;

R2 is selected from the group consisting of:

-•R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

each X is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

each Y is independently selected from the group consisting of:

-S(O)0-2~,

-S(0)2-N(R8>,

-C(R6)-,
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-C(R6)-0,

-0-C(R6K

-0-C(0)-0- 5

-N(R8)-Q-,

5 -C(R6)-N(R8)-,

-0-C(R6)-N(RgK

-C(R6)-N(OR9)-,

~C N-Q

—

10

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

15 heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

20 nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

-8-
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—N— C(R6) —N— S(0)
:

-(CH2)a ^

(CH2 )b
^

, and

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2-, -CH2-, and -N(R4>;

each Q is independently selected from the group consisting of a bond, ~C(R6)-,

-C(R6)~C(R6)- 5 -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0, and

-C(R6)-N(OR9)-;

each V is independently selected from the group consisting of -C(R6)-
?

~0-C(R6K -N(R8)~C(R6K and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutical^ acceptable salt thereof.

In another embodiment, the present invention provides a compound of the formula

(HI):

NH.

^3-1

m
wherein:

R3-1 is -Z-Ar;
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Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-OS

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

5 unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

10 R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

n is 0 or 1

;

Ri is selected from the group consisting of:

15 -X-R4,

-X-Y-R4,

-X-Y-X-Y-R4, and

-X-R5 ;

R2 is selected from the group consisting of:

20 -R4,

-X-R4,

-X-Y-R4, and

-X-R5; ^

Xf

is selected from the group consisting of alkylene, alkenylene, alkynylene,

25 arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by an arylene, heteroarylene or

heterocyclylene group;

each Y is independently selected from the group consisting of:

-S(O)0-2~,

30 -S(0)2-N(Rg)-,

-C(R6)-,

-10-
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-C(R6)-0-,

-O-CCR*)-,

-0-C(0)-0-,

-N(Rg)-Q-,

-C(R6)-N(R8>,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

-C N-Q—

—N-C(R6)-N-W-

—N— R7
—N-Q—

—V-N A—
V R

'
Rl

°
, and

Y' is selected from the group consisting of:

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(0)-0,

-N(R8)-Q-,

-C(R5)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)->

N-Q—

-11-
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—N-C(R6)-1SI-W-

K7)
—N— R7—N-Q-

—V-N

10 and

N-C(Re)-N

5 each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, aiylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

10 can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

15 oxo;

each R5 is independently selected from the group consisting of:

-N~C(R6)
-N-S(0)2 _v-,(i \ -f

N~C(R6)-N A

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

20 each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting of hydrogen and alkyl;

each Rio is independently C3-8 alkylene;

-12-
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each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2-, -CH2-, and -NCR4)-;

each Q is independently selected from the group consisting ofa bond, -C(R6)-,

-C(R6)-C(R6)-, -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and

-C(R6)-N(OR9)-;

each V is independently selected from the group consisting of -C(R6)-,

-O-CCRe)-, -NCRiO-CCR*)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides intermediate compounds of

Formulas VII, DC, and XI.

In one embodiment, the present invention provides a compound ofthe following

formula (VII):

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

n is 0 or 1;

Ri-i is selected from the group consisting of:

-R4-1,

-X-R4-1,

-X'-Y'-Rt,

-X'-Y'-X-Y-Rt, and

-X-R5 ;

NH.

vn

wherein:

-13-
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R2 is selected from the group consisting of:

each X is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

X' is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by an arylene, heteroarylene or

heterocyclylene group;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(Re)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R5)-N(R8)-,

-0-C(R6)-N(Rs)-,

-C(R6)-N(OR9)-,

J- N-Q—

-X-R4,

-X-Y-R4, and

-X-R5;

-14-



WO 2005/020999 PCT/US2004/028021

5

Y' is selected from the group consisting of:

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(Rg)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

-L N-Q—

5

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl.

-15-
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heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R4-1 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and

heterocyclyl wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, alkylarylenyl,

heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be

unsubstituted or substituted by one or more substituents independently selected from the

group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro,

hydroxy, mercapto, cyano, aryl, heteroaryl, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy
5
and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting of hydrogen and alkyl;

each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2~, -CH2 -, and -N(R4)~;

each Q is independently selected from the group consisting of a bond, -C(R6)- 7

-C(R6>C(R6)-, -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and

-C(R6)-N(OR9)s

-N-C(R
6)

-N-S(0)
2 _v_,$

, and
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each V is independently selected from the group consisting of -C(R6)-,

-0-C(R6)-, -N(R8>C(R6)-, and-S(Q)2S

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutically acceptable salt thereof; with the proviso that when Ri»i is hydrogen

or 2-methylpropyl, R2 is other than hydrogen, and with the further proviso that whenRm
is 2-methylpropenyl or 2-hydroxy-2-methylpropyl, R2 is other than methyl, ethoxymethyl,

and hydroxymethyl.

Li another embodiment, the present invention provides a compound ofthe

following formula (IX):

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

nisOorl;

Ri_i is selected from the group consisting of:

-1*4-1,

-X'-Y'-R^

-Xr-Y'-X~Y-R4, and

-X»-R5 ;

IX

wherein:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;
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eachX is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

X' is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by an arylene, heteroarylene or

heterocyclylene group;

each Y is independently selected from the group consisting of:

-S(0)o-2 -,

-S(0)2-N(R8)-,

-C(R6>,

-C(R6)-0-,

-0-C(R6)-,

-0~C(0)-0-,

-N(R8)-Q-,

-C^-NCRg)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

-C N-Q—

, and
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Y' is selected from the group consisting of:

-S(0)2-N(R8>,

-C(R6)-,

-C(R6)-0,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(Rg)-,

-0-C(R6)-N(R8)-5

-C(R<0-N(OR9K

N-Q

P J

—N-C(R6)-N-W-

—N— R7—N-Q—N— R7
—N-

—V-N
V R10 and

N-C(R6
)-N

5

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroaiylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

-19-



WO 2005/020999 PCT/US2004/028021

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R4-1 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and

5 heterocyclyl wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, alkylarylenyl,

heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be

unsubstituted or substituted by one or more substituents independently selected from the

group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro,

hydroxy, mercapto, cyano, aryl, heteroaryl, heterocyclyl, amino, alkylamino, dialkylamino,

10 (dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

~N-C(R6)
-N-S(0)2 _v_^ > -Z N~C(R6)-N A

R7 ,

Rr Wb-^
? and

R™ 2 b

;

each R6 is independently selected from the group consisting of=0 and =S;

1 5 each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

20 each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2-, -CH2-, and -N(R4)s

each Q is independently selected from the group consisting of a bond, -C(R6>-,

-C(R6)-C(R6)-, -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)~0-, and

-C(R6)-N(OR9)-;

25 each V is independently selected from the group consisting of-C(R6)-,

-0-C(R6)~, -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

-20-



WO 2005/020999 PCT/US2004/028021

or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention provides a compound ofthe

following formula (XI):

wherein:

R3 is selected from the group consisting of:

-Z-Ar?

-Z-Ar'-Y-R^

-Z-Ar'-X-Y-IU,

-Z-Ar'-R5 , and

-Z-Ar'-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-O-;

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

Ar* is selected from the group consisting of arylene and heteroarylene both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;
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n is 0 or 1

;

Ri is selected from the group consisting of:

-R4,

-X-R4,

5 -X-Y-R4,

-X-Y-X-Y-R4, and

-X-R5 ;

R2 is selected from the group consisting of:

-R4,

10 -X-R4,

-X-Y-R4, and

-X-R5;

eachX is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

1 5 and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

20 -C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0,

-N(R8)-Q-,

25 -C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-CCRO-NCORc,)-,
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-N-C(R6)-N-W-

—N— R7
—N-Q

—

-V-N

and
V Rio

N-C(R6)~N

r / V
Rio

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

-N-C(RB)
~N-S(0)2 _V-J<i \ -f-

N-C(R6)-N
]

A

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3 -g alkylene;
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each A is independently selected from the group consisting of -0-, -C(O)-,

-S(O)0-2-, -CH2~, and -N(EU)-;

each Q is independently selected from the group consisting of a bond, -C(R.6)- 9

-C(R6)-C(R6>, -S(0)2-, -C(R6>N(R8)-W-? -S(0)2-N(R8)-, -C(R6>0-9 and

-C(R6)-N(OR9)-,

each V is independently selected from the group consisting of-C(R6K

-O-CCRsK -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or apharmaceutically acceptable salt thereof.

As used herein, the terms "alkyl," "alkenyl," "alkynyl" and the prefix "alk-" are

inclusive ofboth straight chain and branched chain groups and of cyclic groups, i.e.

cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to

20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl

groups containing from 2 to 20 carbon atoms. In some embodiments, these groups have a

total ofup to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4

carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3

to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl,

cyclopropylmethyl, cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted

bornyl, norbornyl, and norbornenyl.

Unless otherwise specified, "alkylene," "-alkylene-", "alkenylene",

"-alkenylene-", "alkynylene", and "-alkynylene-" are the divalent forms of the "alkyl",

"alkenyl", and "alkynyl" groups defined above. The terms "alkylenyl", "alkenylenyl", and

"alkynylenyl" are used when "alkylene", "alkenylene", and "alkynylene", respectively, are

substituted. For example, an arylalkylenyl group comprises an "alkylene" moiety to which

an aryl group is attached.

The term "haloalkyl" is inclusive of alkyl groups that are substituted by one or

more halogen atoms, including perfluorinated groups. This is also true of other groups that
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include the prefix "halo-". Examples of suitable haloalkyl groups are chloromethyl,

trifluoromethyl, and the like.

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems.

Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl.

5 The term "heteroatom" refers to the atoms O, S, or N.

The term "heteroaryl" includes aromatic rings or ring systems that contain at least

one ring heteroatom (e.g., O, S, N). Suitable heteroaryl groups include furyl, thienyl,

pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl,

imidazolyl, pyrazolyl, oxazolyl, thiazolyl, benzofiiranyl, benzotbiophenyl, carbazolyl,

1 0 benzoxazolyl, pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl,

isoxazolyl, isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl,

triazinyl, tetrazinyl, oxadiazolyl, thiadiazolyl, and so on.

The term "heterocyclyl" includes non-aromatic rings or ring systems that contain at

least one ring heteroatom (e.g., O, S, N) and includes all ofthe fully saturated and partially

15 unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary heterocyclic

groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl, piperidinyl,

piperazinyl, thiazolidinyl, imidazolidinyl, isothiazolidinyl, tetrahydropyranyl,

quinuclidinyl, homopiperidinyl, homopiperazinyl, and the like.

The terms "arylene", "heteroarylene", and "heterocyclylene" are the divalent forms

20 ofthe "aryl", "heteroaryl", and "heterocyclyl" groups defined above. The terms "arylenyl,"

"heteroarylenyl," and "heterocyclylenyl" are used when "arylene", "heteroarylene", and

"heterocyclylene", respectively, are substituted. For example, an alkylarylenyl group

comprises an arylene moiety to which an alkyl group is attached.

When a group (or substituent or variable) is present more than once in any Formula

25 described herein, each group (or substituent or variable) is independently selected, whether

explicitly stated or not. For example, for the formula -N(R8)-C(R6)-N(Rs)- each R8 group

is independently selected. In another example, when an R2 and an R3 group both contain

an R4 group, each R4 group is independently selected. In a further example, when more

than one Y group is present (i.e., R2 and R3 both contain aY group) and each Y group

30 contains one or more R8 groups, then each Y group is independently selected, and each R8

group is independently selected.
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The invention is inclusive of the compounds described herein and salts thereof in

any of their pharmaceutically acceptable fornis, including isomers such as diastereomers

and enantiomers, solvates, polymoiphs, and the like. In particular, if a compound is

optically active, the invention specifically includes each of the compound's enantiomers as

well as racemic mixtures of the enantiomers.

For any of the compounds presented herein, each one of the following variables

(e.g., R, R', R", R1? R2 , R3 , n, A, X, Z, and so on) in any of its embodiments can be

combined with any one or more of the other variables in any of their embodiments as

would be understood by one of skill in the art. Each of the resulting combinations of

variables is an embodiment of the present invention.

In some embodiments, R3 is selected from the group consisting of-Z-Ar,

-Z-Ar'-Y-R4, -Z-Ar'-X-Y-R4, -Z-Ar'-R5 , and -Z-Ar'-X-R5 . In some embodiments, R3 is

selected from the group consisting of-Z-Ar, -Z-Ar'-X-Y-R4, and -Z-Ar?

-Y-R4. In some

embodiments, R3 or R3-1 is -Z-Ar. In some embodiments, Ar is phenyl or heteroaryl

which is unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, nitro, cyano, carboxy, halogen, hydroxyalkyl,

amino, alkylamino, dialkylamino, trifluoromethyl, trifluoromethoxy, and thienyl. In

certain of these embodiments heteroaryl is selected from the group consisting of

benzothiazolyl, furanyl, imidazolyl, indolyl, isoxazolyl, oxadiazolyl, pyrazinyl, pyridinyl,

pyrrolyl, thiazolyl, and thienyl. In some ofthese embodiments, Z is a bond, alkylene, or

alkylene interrupted by -O. In certain of these embodiments Z is CU3 alkylene. In certain

of these embodiments Z is a bond.

In some embodiments, R3 or R3.x is benzyl, pyridin-3-ylmethyl, 4-chlorobenzyl, 4-

fluorobenzyl, or 3-pyridin-3-ylpropyl

.

In some embodiments, R3 is -Z-Ar!-Y-R4, or-Z-Ar'-X-Y-IL*. In certain of these

embodiments, X is CU2 alkylene; Y is -N(R8)-S(0)2-, -S(0)2-, -C(R6)-, or-C(R6)-0-; and

R4 is alkyl or phenyl. In certain of these embodiments, X is CU2 alkylene; Y is

-NH-S(0)2-, -S(0)2-, -C(O)-, or -C(0>0-; and R4 is CM alkyl or phenyl. In some of

these embodiments, Z is a bond, alkylene, or alkylene interrupted by -O-. In certain of

these embodiments Z is Ci-3 alkylene. In certain of these embodiments Z is a bond.
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In some embodiments, R3 is-Z-Ar'-Y-R4 . In certain of these embodiments, Y is

selected from the group consisting of-S(0)2- and —C(0)0~, and R4 is C1-4 alkyl, for

example, methyl. In certain of these embodiments, ArT

is phenylene which is unsubstituted

or substituted by one or more substituents independently selected from the group

consisting of alkyl, alkoxy, nitro, cyano, halogen, amino, alkylamino, dialkylamino,

trifluoromethyl, and trifluoromethoxy.

hi some embodiments, each of R, R, and R" is independently a non-interfering

substituent For certain embodiments, each Rf and R" is independently selected from the

group consisting ofhydrogen and non-interfering substituents. Herein, "non-interfering"

means that the immunomodulator activity (for example, the ability to induce the

biosynthesis of one or more cytokines, or to inhibit the biosynthesis ofone or more

cytokines) of the compound is not destroyed.

In some embodiments, R is selected from the group consisting of alkyl, alkoxy,

hydroxy, halogen, and trifluoromethyl.

In some embodiments, n is 0.

In some embodiments, n is 0 or 1.

In some embodiments, R' is selected from the group consisting ofhydrogen and a

non-interfereing substitutent

In some embodiments, Rf

is selected from the group consisting of -R4, -X-R4,

-X-Y-R4, -X-Y-X-Y-R4, and -X-R5 .

In some embodiments, Rr

is selected from the group consisting of alkyl,

arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, dihydroxyalkyl, alkylsulfonylalkylenyl,

heterocyclylalkylenyl wherein heterocyclyl is optionally substituted by one or more alkyl

groups, -X-Y-R4, and -X-R5 ; wherein X is alkylene, Y is -N(R8)-C(0)-, -N(R8)-S(0)2-,

-N(R8)-C(R6)-N(R8)-, or

substituted by one or more substituents selected from the group consisting of alkyl, alkoxy,

halogen, or dialkylamino; and R5 is

; R4 is alkyl, aryl, arylalkylenyl, or heteroaryl, each ofwhich is optionally
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^(CH2)a ^-N-C(R6 ) -N-S(0)2 -N(R8)-C(0)-N A

9 or

In some embodiments, R1

is selected from the group consisting of 2-hydroxy-2-

methylpropyl, 2-methylpropyl, propyl, 2,3-dihydroxypropyl, 4-

[(methylsulfonyl)amino]butyl, 2-methyl-2-[(methylsulfonyl)amino]propyl
?
2-

5 [(cyclohexylcarbonyl)amino]-2~methylpropyl
;,
4-(l 3l-dioxidoisothiazolidin-2-yl)butyl :,

tetraliydro-2//-pyran-4-ylmethyl
?
and (2,2-dimethyl-l,3-dioxolan-4-yl)methyl.

In some embodiments R is selected from the group consisting ofpropyl, 2,3-

dihydroxypropyl, 4-[(methylsulfonyl)amino]butyl
?
2-methyl-2-

[(methylsulfonyl)amino]propyl, 2-[(cyclohexylcarbonyl)amino]~2-methylpropyl, 4-(l , 1 -

10 dioxidoisothiazolidin-2-yl)butyl
?
tetrahydro-2i7-pyraa-4-ylmethyl? and (2,2~dimethyl-l 3

3-

dioxolan-4-yl)methyl.

In some embodiments, Ri is selected from the group consisting of -R4, -X-Ra,

-X-Y-R4, -X-Y-X-Y-R4, and -X-R5 .

In some embodiments, Ri is selected from the group consisting of alkyl,

15 arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, dihydroxyalkyl, alkylsulfonylalkylenyl,

heterocyclylalkylenyl wherein heterocyclyl is optionally substituted by one or more alkyl

groups, -X-Y-R4, and -X-R5 ; wherein X is alkylene, Y is -N(R8)-C(0)- 3 -N(R8)-S(0)2-,

-N(R8)-C(R6)-N(R8)- ?
or

N-Q—
R J

10
; R4 is alkyl, aryl, arylalkylenyl, or heteroaryl, each ofwhich is optionally

20 substituted by one or more substituents selected from the group consisting of alkyl, alkoxy,

halogen, or dialkylamino; andR5 is

/-<CH2)a x
-N-C(R6) -N-S(0)2 -N(R8)-C(0)-N A

R^ . W ,or
X(CH2),-^2>b~

In some embodiments, Ri is selected from the group consisting of 2-hydroxy-2-

methylpropyl, 2-methylpropyl3 propyl, 2,3-dihydroxypropyl, 4-

25 [(methylsulfonyl)amino]butyl5 2-methyl-2-[(methylsulfonyl)amino]propyl, 2-
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[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-(l , 1 -dioxidoisothiazolidin-2-yl)butyl,

tetrahydro-2jy-pyran-4-ylmethyl5
and (2 ?

2~dimethyl-l,3-dioxolan-4-yl)methyl.

In some embodiments, Ri is selected from the group consisting ofpropyl, 2,3-

dihydroxypropyl, 4-[(methylsulfonyl)amino]butyl, 2-methyl-2-

[(methylsulfonyl)amino]propyl, 2-[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-(l , 1 -

dioxidoisothiazolidin-2-yl)butyl, tetrahydro-2/y-pyran-4-ylmethyl, and (2,2~dimethyl-l,3

dioxolan-4-yl)methyl.

In some embodiments, Ri-i is selected from the group consisting of -R4-1, -Xf

-R4-

-X'-Y-R*, -X ,-Y ,-X-Y-R4 , and -X'-R5 ;

In some embodiments, R1-1 is selected from the group consisting of alkyl,

arylalkylenyl, hydroxyalkyl, dihydroxyalkyl, heterocyclylalkylenyl wherein heterocyclyl

optionally substituted by one or more alkyl groups, -X-Y-R4, and -X'-R5 . In certain of

these embodiments, X1

is alkylene; Y T

is -N(R8)-Q-; Q is -C(R6>, -S(0)2-, or

-C(R6)-N(Rg)-W-; R4 is alkyl, aryl, arylalkylenyl, or heteroaryl, each ofwhich is

optionally substituted by one or more substituents selected from the group consisting of

alkyl, alkoxy, halogen, or dialkylamino; and R5 is

^<CH2)a ^—N— S(0)2 -N(R8)-C(0)-N aW or
^ V (CH2)b

-^

In some embodiments, Ri_i is selected from the group consisting of 2-hydroxy-2-

methylpropyl, 2-methylpropyl, propyl, 2,3-dihydroxypropyl, 4-

[(methylsulfonyl)amino]butyl, 2-methyl-2-[(methylsulfonyl)amino]propyl, 2-

[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-( 1 , 1 -dioxidoisothiazolidin-2-yl)butyl,

tetrahydro-2i7-pyran-4-ylmethyl, and (2,2-dimethyl-l,3-dioxolan-4-yl)methyl.

In some embodiments R\-\ is selected from the group consisting ofpropyl, 2,3-

dihydroxypropyl, 4-[(methylsulfonyl)amino]butyl, 2-methyl-2-

[(methylsulfonyl)amino]propyl, 2-[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-(l,l-

dioxidoisothiazolidin-2-yl)butyl, tetrahydro-2if-pyran-4-ylmethyl, and (2,2-dimethyl-l,3

dioxolan-4-yl)methyl

.

In some embodiments, R" is hydrogen or a non-interfering substituent

In some embodiments, RM
is selected from the group consisting of -R4, -X-R*,
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-X-Y-R4, and -X-R5 .

In some embodiments, R" is selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and -X-N(R8)-C(R6)-N(RS)~R4. In certain of these embodiments, X is

C1.4 alkylene, and R4 is C1-4 alkyl. hi some of these embodiments X is Ci-2 alkylene.

5 In some embodiments, R" is selected from the group consisting ofhydrogen,

methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-methoxyethyl, and

methylaminocarbonylaminomethyL In some of these embodiments, R" is selected from

the group consisting of ethyl, propyl, ethoxymethyl, 2-methoxyethyl, and methoxymethyl.

In some of these embodiments, R" is selected from the group consisting of ethyl, propyl, 2-

1 0 methoxyethyl, and methoxymethyl.

In some embodiments, R2 is selected from the group consisting of -R4, -X-R4,

-X-Y-R4, and -X-R5 *

In some embodiments, R2 is selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and -X-N(R8)-C(R6)-N(R8)-R4. In certain ofthese embodiments, X is

1 5 C1-4 alkylene, and R4 is Ci_4 alkyl. In some of these embodiments X is C1-2 alkylene.

In some embodiments, R2 is selected from the group consisting ofhydrogen,

methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-methoxyethyl, and

methylaminocarbonylaminomethyL In some of these embodiments, R2 is selected from

the group consisting of ethyl, propyl, ethoxymethyl, 2-methoxyethyl, and methoxymethyl.

20 In some ofthese embodiments, R2 is selected from the group consisting of ethyl, propyl, 2-

methoxyethyl, and methoxymethyl.

In some embodiments, R4 is selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

25 the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

30 heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,
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oxo. In some embodiments, R4 is alkyl, aryl, arylalkylenyl, or heteroaryl, each ofwhich is

optionally substituted by one or more substituents selected from the group consisting of

alkyl, alkoxy, halogen, or dialkylamino. In some embodiments, R4 is alkyl or phenyl. In

some embodiments, R4 is C1-4 alkyl or phenyl, hi some embodiments, R4 is C1-4 alkyl.

5 In some embodiments, R4-1 is selected from the group consisting ofhydrogen,

alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and

heterocyclyl groups can be unsubstituted or substituted by one or more substituents

1 0 independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, heteroaryl, heterocyclyl,

amino, alkylamino, dialkylamino, (dialkylamino)alkyleneoxy, and in the case of alkyl,

alkenyl, alkynyl, and heterocyclyl, oxo. In some embodiments, R4-1 is alkyl, aryl,

arylalkylenyl, or heteroaryl, each ofwhich is optionally substituted by one or more

15 substituents selected from the group consisting of alkyl, alkoxy, halogen, or dialkylamino.

In some embodiments, R4-1 is alkyl or phenyl, hi some embodiments, R4.1 is C1-4 alkyl or

phenyl. In some embodiments, R4.1 is C1-4 alkyl.

In some embodiments, R5 is selected from the group consisting of:

/-(CH2)aN - ^(CH2)a^
—N

—

C(Rq) -N-S(0)2 _v-r<| \ -f-
N-C(Re)-N A

20 some embodiments, R5 is

-N-C(Re) -N— S(0)2 -N(R8)-C(0)-N A
N. n ' V. D J ^{CH ^ ^

7 K
7 , or 2 "

. In some embodiments, R5 is

—N— S(0)2 -N(R8)-C(0)-N A
R7 or

(CH2)b In some embodiments, R5 is

-N-S(0)2v
.

In some embodiments, Rc> is selected from the group consisting of=0 and =S. In

25 some embodiments, is =0. hi some embodiments, Re is =S.
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Li some embodiments, R7 is C2-7 alkylene. In some embodiments, R7 is

C3-4 alkylene. In some embodiments, R7 is propylene.

In some embodiments, R8 is selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl. In some embodiments, R8 is hydrogen or alkyl. In

some embodiments, R8 is hydrogen.

In some embodiments, R9 is selected from the group consisting ofhydrogen and

alkyl.

In some embodiments, R10 is independently C3.8 alkylene.

ha some embodiments, Ar is selected from the group consisting of aryl and

heteroaryl both ofwhich can be unsubstituted or can be substituted by one or more

substituents independently selected from the group consisting of alkyl, alkenyl, alkoxy,

methylenedioxy, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto,

cyano, carboxy, formyl, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, hetexocyclylalkylenyl, amino, alkylamino, and

dialkylamino. In some embodiments, Ar is phenyl or heteroaryl which is unsubstituted or

substituted by one or more substituents independently selected from the group consisting

of alkyl, alkoxy, nitro, cyano, carboxy, halogen, hydroxyalkyl, amino, alkylamino,

dialkylamino, trifluoromethyl, trifluoromethoxy, and thienyl. In certain ofthese

embodiments heteroaryl is selected from the group consisting ofbenzothiazolyl, furanyl,

imidazolyl, indolyl, isoxazolyl, oxadiazolyl, pyrazinyl, pyridinyl, pyrrolyl, thiazolyl, and

thienyl. In some embodiments, Ar is phenyl.

In some embodiments, Ar?

is selected from the group consisting of arylene and

heteroarylene both ofwhich can be unsubstituted or can be substituted by one or more

substituents independently selected from the group consisting of alkyl, alkenyl, alkoxy,

haloalkyl, haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy,

formyl, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy,

heterocyclyl, heterocyclylalkylenyl, amino, alkylamino, and dialkylamino. In some

embodiments, Ar' is phenylene which is unsubstituted or substituted by one or more

substituents independently selected from the group consisting of alkyl, alkoxy, nitro,

cyano, halogen, amino, alkylamino, dialkylamino, trifluoromethyl, and trifluoromethoxy.

In some embodiments, A is selected from the group consisting of -O-, -C(O)-,
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-S(0)o-2-5 -CH2-, and ~N(R4)-. In some embodiments, A is -O-.

Li some embodiments, Q is selected from the group consisting of a bond, -C(R6>,

-C(R6)-C(R6)-, -S(0)2-, -C(R6)-N(R8)-W- 9 -S(0)2-N(R8>, -C(R6)-0-, and -C(R6)-N(OR9)-.

In some embodiments, Q is -C(R6K -S(0)2- ?
or -C(R6)-N(R8)-W-. In some embodiments,

Q is -S(0)2-. In some embodiments, Q is -C(R6)-N(R8)-W-.

In some embodiments, V is selected from the group consisting of -C(R6)~,

-0-C(R6>, -N(R8)-C(R6>, and -S(0)2-.

In some embodiments, W is selected from the group consisting of a bond, -C(O)-,

and -S(0)2-. In some embodiments, W is a bond.

Ih some embodiments, X is selected from the group consisting of alkylene,

alkenylene, alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene,

alkenylene, and alkynylene groups can be optionally interrupted by arylene, heteroarylene

or heterocyclylene or by one or more -O- groups. In some embodiments, X is alkylene. In

some embodiments, X is Ci_4 alkylene. In some embodiments, X is C^2 alkylene.

In some embodiments, Xr

is selected from the group consisting of alkylene,

alkenylene, alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene,

alkenylene, and alkynylene groups can be optionally interrupted by an arylene,

heteroarylene or heterocyclylene group. In some embodiments, X' is alkylene. In some

embodiments, X' is C1-4 alkylene. In some embodiments, X' is C1-2 alkylene.

In some embodiments, Y is selected from the group consisting of -S(O)0-2-,

-S(0)2~N(R8>, -C(R6>, -C(R6>0-, -0-C(R6)-9 -0-C(0)-0-, -N(R8)-Q-, -C(R6)-N(R8>,

-0-C(R6)-N(R8)-, -C(R6)-N(OR9)-,

N-Q— —N-C(R6)-N-W-~ —N— R7
—N~Q

—

, and

. In some embodiments, Y is

-N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(R6)-N(R8)-, or

N-Q—

. In some embodiments, Y is ~N(R8)-C(0)-, -N(R8)~S(0)2-, or
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-N(R8)-C(R6)-N(R8)-. In some embodiments, Y is _N(R8)-S(0)2- ?
-S(0)2-, -C(R6)-, or

-C(R6)-0-. In some embodiments, Y is -NH-S(0)2-, -S(0)2- 9 -C(O)-, or -C(0)-0-. In

some embodiments, Y is -S(0)2- or-C(0)0-.

In some embodiments, Yf

is selected from the group consisting of -S(0)2-N(R§)-,

5 -C(R6)-, -C(R6)-0~, -O-0(O)-O-
5
-N(R8)-Q-, -C(R6>N(R8)-, -0-C(R6)-N(R8)-,

-N(R8)-C(R6)-, -N(R8)-S(0)2-, or-N(R8)-C(R6)-N(R8)-W-. In some embodiments, Y' is

-N(Rg)~C(0)-. In some embodiments, Y f

is -N(R8)-S(0)2-. In some embodiments, Y ?

is

10 -N(R8)-C(R6)-N(R8)-.

In some embodiments, Z is selected from the group consisting of a bond, alkylene,

alkenylene, and alkynylene wherein alkylene, alkenylene, and alkynylene are optionally

interrupted with -O-. In some embodiments, Z is a bond, alkylene, or alkylene interrupted

by -O-. In certain embodiments Z is C1-3 alkylene. In certain embodiments Z is a bond.

15 In some embodiments, a and b are independently integers from 1 to 6 with the

proviso that a + b is < 7. In some embodiments, a and b are each the integer 2.

In some embodiments ofFormulas I-HI and XI, R3-O- or R3-1-O- is at the 7- or 8-

position. In some embodiments R3-O- or R3-1-O- is at the 7-position. In some

embodiments R3-O- or R3-1-O- is at the 8-position.

20 In some embodiments ofFormulas VII and IX, HO- is at the 7- or 8-position. In

some embodiments HO- is at the 7-position. In some embodiments HO- is at the 8-

position.

In some embodiments, compounds of the invention induce the biosynthesis of one

or more cytokines (for example IFN-a and or TNF-a). Compounds of the invention

25 include, for example, compounds ofFormulas I, II, HI, and VII, as well as any of the

embodiments thereof described herein.

In some embodiments, compounds ofFormulas I, II, HI, or embodiments thereof

described herein inhibit the biosynthesis ofone or more cytokines (for example TNF-a).

N-Q— —N-C(R6)-N-W-

. In some embodiments, Y' is
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Preparation of Compounds

Compounds of the invention can be prepared according to Reaction Scheme I

where R, Ri, R2, and n are as defined above. In step (1) ofReaction Scheme I, a

5 benzyloxyaniline ofFormula XV is treated with the condensation product generated from

2,2-dimethyl- 1 ,3-dioxane-4 56-dione (Meldrum's acid) and triethyl orthoformate to provide

an imine ofFormula XVI The reaction is conveniently carried out by adding a solution of

a benzyloxyaniline ofFormula XV to a heated mixture of Meldrum's acid and triethyl

orthoformate and heating the reaction at an elevated temperature such as 45 °C. The

1 0 product can be isolated using conventional methods

.

In step (2) ofReaction Scheme I? an imine ofFormula XVI undergoes thermolysis

and cyclization to provide a benzyloxyquinolin-4-ol ofFormula XVII. The reaction is

conveniently carried out in a medium such as DOWTHERM A heat transfer fluid at a

temperature between 200 and 250 °C. The product can be isolated using conventional

15 methods.

In step (3) of Reaction Scheme I, the benzyloxyquinolin-4-ol ofFormula XVII is

nitrated under conventional nitration conditions to provide a benzyloxy-3-nitroquinolin-4-

ol ofFormula XVIII. The reaction is conveniently carried out by adding nitric acid to the

benzyloxyquinolin-4-ol ofFormula XVII in a suitable solvent such as propionic acid and

20 heating the mixture at an elevated temperature such as 125 °C. The product can be

isolated using conventional methods.

In step (4) of Reaction Scheme I, a benzyloxy-3-nitroquinolin-4-ol ofFormula

XVHI is chlorinated using conventional chlorination chemistry to provide a benzyloxy-4-

chloro-3-nitroquinoline ofFormula XIX. The reaction is conveniently carried out by

25 treating the benzyloxy-3-nitroquinolin-4-ol ofFormula XVIII with phosphorous

oxychloride in a suitable solvent such as A^A^dimethylformamide (DMF). The reaction

can be carried out at an elevated temperature such as 100 °C, and the product can be

isolated using conventional methods.

In step (5) ofReaction Scheme I, a benzyloxy~4-chloro-3-nitroquinoline of

30 Formula XIX is treated with an amine ofFormula Ri-NH2 to provide a henzyloxy-3-

nitroquinolin-4-amine ofFormula XX. Several amines ofFormula Ri-NH2 are
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commercially available; others can be prepared by known synthetic methods. The reaction

is conveniently carried out by adding the amine ofFormula Ri-NH2 to a solution of the

benzyloxy-4-chloro-3-nitroquinoline ofFormula XIX in a suitable solvent such as

dichloromethane or methanol in the presence of a tertiary amine such as triethylamine.

5 The reaction can be carried out at ambient temperature or at an elevated temperature such

as, for example, the reflux temperature ofthe solvent. The reaction product can be

isolated using conventional methods.

In step (6) ofReaction Scheme 1, a benzyloxy-3-nitroquinolin-4-amine ofFormula

XX is reduced to provide a benzyloxyquinoline-3,4-diamine ofFormula XXI. The

1 0 reaction can be carried out by hydrogenation using a heterogeneous hydrogenation catalyst

such as platinum on carbon. The hydrogenation is conveniently carried out in a Parr

apparatus in a suitable solvent such as toluene, methanol, or acetonitrile. The reaction can

be carried out at ambient temperature or at an elevated temperature such as 55 °C, and the

product can be isolated using conventional methods.

15 Alternatively, the reduction in step (6) can be earned out using nickel boride,

prepared in situ from sodium borohydride and nickel(H) chloride. The reduction is

conveniently carried out by adding a solution of a benzyloxy~3-nitroquinolin-4-amine of

Formula XX in a suitable solvent or solvent mixture such as dichloromethane/methanol to

a mixture of excess sodium borohydride and catalytic nickel(H) chloride in methanol. The

20 reaction can be carried out at ambient temperature. The product can be isolated using

conventional methods.

In step (7) ofReaction Scheme I, a benzyloxyquinoline-3,4-diamine ofFormula

XXI is treated with a carboxylic acid equivalent to provide a ben2yloxy-li/-imidazo[4,5-

cjquinoline ofFormula XXII. Suitable carboxylic acid equivalents include orthoesters of

25 Formula R2C(0-alkyl)3 , 1 , 1 -dialkoxyalkyl alkanoates ofFormula

R2C(0-alkyl)2(0-C(0)-alkyl), and acid chlorides ofFormula R2C(0)C1. The selection of

the carboxylic acid equivalent is determined by the desired substituent at R2 . For example,

triethyl orthoformate will provide a compound where R2 is hydrogen, and trimethyl

orthovalerate will provide a compound where R2 is a butyl group. The reaction is

30 conveniently carried out by adding the carboxylic acid equivalent to a benzyloxyquinoline-

3,4-diamine ofFormula XXI in a suitable solvent such as toluene or xylenes. Optionally,

-36-



WO 2005/020999 PCT/US2004/028021

catalytic pyridine hydrochloride can be added. The reaction is carried out at a temperature

high enough to drive off alcohol or water formed during the reaction. Conveniently, a

Dean-Stark trap can be used to collect the volatiles.

Alternatively, step (7) can be carried out in two steps when an acid chloride of

5 FormulaR2C(0)C1 is used as the carboxylic acid equivalent. Part (i) of step (7) is

conveniently carried out by adding the acid chloride to a solution of a benzyloxyquinoline-

3,4-diamine ofFormula XXI in a suitable solvent such as dichloromethane or acetonitrile

to afford an amide. Optionally, a tertiary amine such as triethylamine, pyridine, or 4-

dimethylaminopyridine can be added. The reaction can be carried out at ambient

10 temperature or at an elevated temperature. The amide product can be isolated and

optionally purified using conventional techniques. Part (ii) of step (7) involves heating the

amide prepared in part (i) to provide a benzyloxy-li/-imidazo[4 ?5-c]quinoline ofFormula

XXII. The reaction is conveniently carried out in a suitable solvent such as toluene at a

temperature sufficient to drive offwater formed during the reaction. In part (ii) of step (7),

15 the imidazo ring forming reaction can also be carried out in a solvent such as ethanol or

methanol in the presence of a base such as triethylamine or aqueous sodium hydroxide.

The benzyloxy-ljy
r-imidazo[4,5-c]quinoline ofFormula XXH can be isolated using

conventional methods.

In one embodiment, the present invention provides a process comprising the steps

20 of (1) providing a 3-amido-4-aminoquinoline substituted at the 5-, 6-, 7-, or 8-position

with one benzyloxy group and optionally with one R group , wherein amido is -NH-C(O)-

R2, amino is -NH-Ri, and R, Ru and R2 are as defined above; (2) preparing a mixture

comprising an alcohol and the compound provided in step (1); and (3) contacting the

mixture of step (2) with a base to provide a l-iy-imidazo[4,5-c]quinohne substituted at the

25 1-position with Ri, at the 2-position with R2 ; and at the 5-, 6-, 7-, or 8-position with one

benzyloxy group and optionally with one R group; wherein the base is aqueous sodium

hydroxide or triethylamine. In certain embodiments, the alcohol is methanol, ethanol, or a

mixture thereof. In certain embodiments, the base is aqueous sodium hydroxide.

In step (8) ofReaction Scheme I, a benzyloxy-l//-imidazo[4,5-c]quinoline of

30 Formula XXII is oxidized to provide a benzyloxy-li/-imidazo[4,5-c]quinoline-57V-oxide

ofFormula XXIII using a conventional oxidizing agent capable of forming N-oxides. The
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reaction is conveniently carried out by adding 3-chloroperoxybenzoic acid to a solution of

a compound ofFormula XXII in a solvent such as dichloromethane or chloroform. The

reaction can be carried out at ambient temperature, and the product can be isolated using

conventional methods.

In step (9) ofReaction Scheme I, aben2yloxy-liy-imidazo[4,5-c]quinoline-5iV'-

oxide ofFormula XXIII is animated to provide a benzyloxy- 1/f-imidazo[4,5-c]quinolin-4-

amine ofFormula XXIV, a subgenus ofFormulas I, II, and III. Step (9) can be carried out

by the activation of an TV-oxide ofFormula XXm by conversion to an ester and then

reacting the ester with an animating agent. Suitable activating agents include alkyl- or

arylsulfonyl chlorides such as benzenesulfonyl chloride, methanesulfonyl chloride, orp-

toluenesulfonyl chloride. Suitable animating agents include ammonia, in the form of

ammonium hydroxide, for example, and ammonium salts such as ammonium carbonate,

ammonium bicarbonate, and ammonium phosphate. The reaction is conveniently carried

out by adding ammonium hydroxide to a solution of the AT-oxide ofFormula XXIII in a

suitable solvent such as dichloromethane or chloroform and then addingp-toluenesulfonyl

chloride. The reaction can be carried out at ambient temperature. The reaction may be

carried out by adding ammonium hydroxide andjo-toluenesulfonyl chloride to the reaction

mixture from step (8) without isolating the Af-oxide ofFormula XXTTT. The product or

pharmaceutically acceptable salt thereof can be isolated using conventional methods.

Alternatively step (9) can be carried out by the reaction of a benzyloxy-lfl'-

imidazo[4,5-c]quinolinc-5iV-oxide ofFormula XXEtt with trichloroacetyl isocyanate

followed by hydrolysis ofthe resulting intermediate to provide a benzyloxy-l#-

imidazo[4,5-c]quinolin-4-amine ofFormula XXIV. The reaction is conveniently carried

out in two steps by (i) adding trichloroacetyl isocyanate to a solution ofthe TV-oxide of

Formula XXIII in a solvent such as dichloromethane and stirring at ambient temperature to

provide an isolable amide intermediate. In step (ii), a solution ofthe intermediate in

methanol is treated with a base such as sodium methoxide or ammonium hydroxide at

ambient temperature. The product or pharmaceutically acceptable salt thereof can be

isolated using conventional methods.
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Reaction Scheme I

5 For some embodiments, compounds shown in Reaction Scheme I can be further

elaborated using conventional synthetic methods. For example, an amine of Formula Ri-

NH2 , where Ri is R4, may be substituted by a hydroxy or second amino group, which can

be further fimctionalized before step (6) ofReaction Scheme I. For example, a benzyloxy-

3-nitroquinolin-4-amine ofFormula XX, in which Ri is R4 having a hydroxy substituent,

10 can be chlorinated using conventional chlorinating agents and subsequently reacted with a

thioalkoxide salt to provide a benzyloxy-3-nitroquinolin-4-amine ofFormulaXX in which

Ri is -X-Y-R4. whereX and R4 are defined as above andY is -S-. The chlorination

reaction is conveniently carried out by adding thionyl chloride to a solution of a

benzyloxy-3-nitroquinolin-4-amine ofFormula XX, in which Rj is R4 having a hydroxy

-39-



WO 2005/020999 PCT7US2004/028021

substituent, in a solvent such as dichloromethane and heating the reaction at an elevated

temperature. The thioether group is conveniently introduced by adding thioalkoxide salt,

such as sodium thiomethoxide, to a solution of abenzyloxy-3-nitroquinohn-4-amine of

Formula XX, in which Ri is R4 having a chloro substituent, in a solvent such as DMK

5 The reaction may be carried out at ambient temperature or at an elevated temperature. The

thioether group thus introduced may be oxidized to a sulfone group with excess oxidizing

agent in step (8) of Reaction Scheme I to provide a benzyloxy- 1i/-imidazo[4,5-

c]quinoline-5AT-oxide ofFormula XXIH in which Ri is -X-Y-R4, where Y is -S(0)2-.

A benzyloxy-3-nitroquinolin-4-amine ofFormula XX, in which Ri is R4 having an

10 amino substituent, may also be functionalized before step (6) ofReaction Scheme I using

conventional methods. For example, a benzyloxy-3-ni1xoquinolin-4-amine ofFormula

XX, in which Ri is R4 having an amino substituent, can react with a sulfonyl chloride of

Formula R4-S(0)2C1 or a sulfonic anhydride ofFormula (R4-S(0)2)20 to provide a

compound ofFormula XX in which Ri is -X-Y-R4, where Y is -N(R8)~S(0)2-, wherein R8

15 is defined as above. Numerous sulfonyl chlorides and sulfonic anhydrides are

commercially available; others can be readily prepared using known synthetic methods.

The reaction can be conveniently carried out by adding the sulfonyl anhydride to a solution

of a benzyloxy-3-nitroquinolin-4-amine ofFormula XX, in which Ri is R4 having an

amino substituent, and a base such as triethylamine in a suitable solvent such as

20 dichloromethane. The reaction can be carried out at ambient temperature. The product

can then be treated according to steps (6)-(9) ofReaction Scheme I.

In some embodiments, further elaboration at Ri is introduced according to

Reaction Scheme II where R, R2 , R4, Rs, X, Q5
and n are defined as above. In step (1) of

Reaction Scheme II, aben2ryloxy-4-chloro-3-nitroquinoline ofFormula XIX is treated with

25 a Boc-protected diamine ofFormula (CH3)3CO-C(0)-NH-X-]S[H2 to provide a benzyloxy-

3-nitroquinolin-4-amine ofFormula XXV. Several Boc-protected diamines ofFormula

(CH3)3CO-C(0)-NH-X-NH2 are commercially available; others can be prepared by known

synthetic methods. The reaction is conveniently carried out by adding the Boc-protected

diamine ofFormula (CH3)3CO-C(0)-NH-X-^2 to a cooled solution of the benzyloxy-4-

30 chloro-3-nitroquinoline ofFormula XIX in a suitable solvent such as dichloromethane or

water in the presence of a tertiary amine such as triethylamine. The reaction can be carried
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out at ambient temperature or at an elevated temperature such as, for example, the reflux

temperature of the solvent. The product can be isolated using conventional methods.

In steps (2)-(5) ofReaction Scheme II, a benzyloxy-3-nitroquinolin~4-amine of

Formula XXV is first reduced to provide a benzyloxyquinoline-3,4-diamine ofFormula

XXVI, which is converted to benzyloxy-lZZ-imidazo[4,5-c]quinoline ofFormula XXVII

by reaction with a carboxylic acid equivalent. The benzyloxy-li7-imidazo[4,5-c]quinoline

ofFormula XXVII is then oxidized to afford a benzyloxy-li7-imidazo[4
?5»c]quinoline-5iV-

oxide ofFormula XXVItt, which is animated to provide a benzyloxy-li/~imidazo[4,5-

c]quinolin-4-amine ofFormula XXIX, a subgenus ofFormulas I, II, and HE. Steps (2), (3),

(4), and (5) ofReaction Scheme II can be carried out as described for steps (6), (7), (8),

and (9), respectively, ofReaction Scheme I to provide a benzyloxy-l#-imidazo[4,5-

c]quinolin-4-amine ofFormula XXIX as the product formed after step (5). Jn step (5), the

preferred conditions for animation are the activation of an A^-oxide ofFormula XXVIII by

conversion to an ester and then reacting the ester with an aminating agent. Step (5) is

conveniently carried out by adding ammonium hydroxide to a solution of the TV-oxide of

Formula XXVm in a suitable solvent such as dichloromethane or dichloroethane and then

adding^-toluenesulfonyl chloride and stirring at ambient temperature. The product can be

isolated using conventional methods.

hi step (6) ofReaction Scheme II, the Boc-protecting group of abenzyloxy-li/-

imidazo [4,5-c]quinolin-4-amine ofFormula XXIX is removed to provide a benzyloxy-li/-

imidazo [4,5-c]quinolin-4-amine of Formula XXX, which represents a subgenus of

Formulas I, n, and IE. The reaction is conveniently carried out by adding a solution of

hydrochloric acid in ethanol to a benzyloxy-177-imidazo[4,5-c]quinolin-4-amine of

Formula XXIX. The reaction can be carried out at an elevated temperature, for example,

the reflux temperature of the solvent. The product or pharmaceutical^ acceptable salt

thereof can be isolated by conventional methods.

In step (7) ofReaction Scheme H, abenzyloxy-l^-imidazo[4,5-c]quinolin-4-amine

ofFormulaXXX is converted to abenzyloxy-lii/-imidazo[4
?5-c]quinolin-l-yl compound

ofFormula XXXI using conventional methods. For example, a benzyloxy-l//-

imidazo[4,5-c]quinolin-4-amine of Formula XXX can react with an acid chloride of

Formula R4C(0)C1 to provide a compound ofFormula XXXI in which Q is -C(O)-. In
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addition, a benzyloxy-l#-imidazo[4 7
5-c]quinolin-4-amine of Formula XXX can react with

sulfonyl chloride ofFormula R4S(0)2C1 or a sulfonic anhydride ofFormula (R4S(0)2)20 to

provide a compound ofFormula XXXI in which Q is -S(0)2 -. Numerous acid chlorides of

Formula R4C(0)C1, sulfonyl chlorides ofFormula R4S(0)2C1, and sulfonic anhydrides of

5 Formula (R4S(0)2)20 are commercially available; others can be readily prepared using

known synthetic methods. The reaction can be conveniently carried out by adding the acid

chloride ofFormula RiC(0)Cl, sulfonyl chloride ofFormula RiS(0)2Cl, or sulfonic

anhydride ofFormula (R4S(0)?)20 to a cooled solution of a benzyloxy-l#-imidazo[4,5-

c]quinolin-4-amine of Formula XXX and a base such as triethylamine in a suitable solvent

10 such as chloroform, dichloromethane, or acetonitrile. The reaction can be carried out at

ambient temperature or a sub-ambient temperature such as 0 °C. The product or

pharmaceutical^ acceptable salt thereof can be isolated using conventional methods.

Ureas ofFormula XXXI, where Q is -C(^)-N(R8)-W-, in which Rs is =0, R8 is

defined as above, andW is a bond, can be prepared by reacting a benzyloxy-1H-

15 imidazo[4,5-c]quinolin-4-amine ofFormula XXX with isocyanates ofFormula R4N=00

or carbamoyl chlorides ofFormula R4N-(R8)-C(0)C1. Numerous isocyanates ofFormula

R4N=C=0 and carbamoyl chlorides ofFormulaR1N-(R8)-C(0)C1 are commercially

available; others can be readily prepared using known synthetic methods. The reaction can

be conveniently carried out by adding the isocyanate or carbamoyl chloride to a cooled

20 solution of a benzyloxy- 1iJ-imidazo[4,5~c]quinolin-4-amine ofFormula XXX and a base

such as triethylamine in a suitable solvent such as dichloromethane or chloroform. The

reaction can be carried out at ambient temperature or a sub-ambient temperature such as 0

°C. Alternatively, a compound ofFormula XXX can be treated with an isocyanate of

Formula R4(CO)N=C=0, a thioisocyanate ofFormula R4N=C=S, or a sulfonyl isocyanate

25 ofFormula R4S(0)2N=C=0 to provide a compound ofFormula XXXI, where Q is

-C(R6)-N(R8)-W- ?
in which Re, R8 , andW are defined as above. The product or

pharmaceutically acceptable salt thereof can be isolated using conventional methods.

A benzyloxy-l//-imidazo[4,5-c]quinolin-4-amine ofFormulaXXX can also be

converted to abenzyloxy-l Jf/-imidazo[4,5-c]quinolin-l-yl compound ofFormula XXXIa,

30 wherein R5 is
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-V-Kl
, \ -N-C(O) ~N-S(0)2

VPH \ ^ ^ R J ^ R ^^"2'b
>

K?
>or

K?
3 whereVis-N(R8)-C(R6)-,anda,b,

R6, R7, R.8, and A are as defined above, as shown in step (7a) ofReaction Scheme II.

A compound ofFormula XXX can be treated with a carbamoyl chloride of

ci-c-rf \
Formula (CH2)b

—^ under the conditions described in step (7) to provide a

compound ofFormula XXXIa, wherein R5 is

/-(CH2)a ^
A

(CH2)b-^
/

, where V is -NH-C(O)-, and A is as defined above. The product or

pharmaceutical^ acceptable salt thereof can be isolated using conventional methods.

In step (7a), a compound ofFormula XXX can also react with a

chloroalkanesulfonyl chloride ofFormula C1-R7S(0)2C1 or a chloroalkanoyl chloride of

Formula C1~R7C(0)C1, wherein R7 is as defined above. The reaction is conveniently

earned out by adding the chloroalkanesulfonyl chloride or chloroalkanoyl chloride to a

solution of amine in a suitable solvent such as chloroform or dichloromethane in the

presence ofa base such as triethylamine at ambient temperature. The isolable intermediate

chloroalkanesulfonamide or chloroalkanamide can then be treated with a base such as 1,8-

diazabicyclo[5.4.0]undec~7-ene at ambient temperature in a suitable solvent such as DMF
to effect the cyclization to afford a compound ofFormula XXXIa in which R5 is

—N— C(O) —N— S(0)2

7 or 7 The product or pharmaceutical^ acceptable salt thereof can

be isolated using conventional methods.

It may be desirable in some instances to carry out the steps ofReaction Scheme II

in a different order. For example, a compound ofFormula XXVII maybe deprotected

according to step (6), and the resulting amine may be fonctionalized as in step (7) or (7a)

prior to the oxidation and animation steps (4) and (5), respectively.
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Reaction Scheme II

Synthetic transformations similar to those described in steps (7) and (7a) of

Reaction Scheme II can also be made at R2 of a benzyloxy-liy-imidazo[435-c]quinoline of

Formula XXIV if, for example, an acid chloride used in step (7) ofReaction Scheme I

contains a protected hydroxy or amino group or a halogen. Several acid chlorides of this

type, for example acetoxyacetyl chloride and chloroacetyl chloride, are commercially

available; others such as 5-(fe^butoxycarbonylamino)valeryl chloride can be prepared

using known synthetic methods. An R2 functional group introduced in this manner can
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then be manipulated to reveal an amino group, which can be converted into a variety of

functional groups according to the methods described in steps (7) and (7a) ofReaction

Scheme H For example, chloroacetyl chloride can be used in step (7) ofReaction Scheme

I to introduce a chloromethyl-substituted benzyloxy-li7-imidazo[4,5-c]quinoline
? which

can be oxidized and aminated according to steps (8) and (9) ofReaction Scheme I. The

resulting chloromethyl-substituted beiizyloxy-liy-imidazo[4
?5-c]quinolin-4-amine can be

treated with ammonia in a suitable solvent such as methanol to provide an aminomethyl-

substituted benzyloxy-l/Z"-imidazo[4?5-c]quinolin-4-amine ? which can then treated

according to the methods described in step (7) or (7a) ofReaction Scheme II to provide a

variety ofcompounds.

Compounds of the invention can be prepared according to Reaction Scheme III

where R, Ri, R2? and n are defined as above and R3 is -Z-Ar, -Z-Ar'-Y-R^ or

-Z-Ar'-X-Y-R4 where Z, Ar, Ar\ X, Y, and R4 are defined as above. In step (1) of

Reaction Scheme IE, the benzyl group of a benzyloxy-l/^imidazo[4
?5-c]quinolin-4-amine

ofFormula XXIV is cleaved to provide a li7-imidazo[4,5-c]quinolinol ofFormula XXXII.

The cleavage is conveniently carried out on a Parr apparatus out under hydrogenolysis

conditions using a suitable heterogeneous catalyst such as palladium on carbon in a solvent

such as ethanol. The product or pharmaceutical!/ acceptable salt thereofcan be isolated

using conventional methods.

In step (2) ofReaction Scheme IE a l#-imidazo[4
?5-c]quinolinol ofFormula

XXXII is converted to an ether-substituted li7-imidazo[4
?5-c]qumolin-4-amine ofFormula

II using a Williamson-type ether synthesis. The reaction is effected by treating a 1H-

imidazo[4,5-c]quinolinol ofFormula XXXII with an alkyl or.aryl halide ofFormula

Halide-Z-Ar, Halide-Z-Ar'-Y-R*, or Halide-Z-Arf-X-Y-R4 in the presence of a base.

Numerous alkyl or aryl halides of these formulas are commercially available, including

substituted benzyl bromides and chlorides, substituted or unsubstituted arylalkylenyl

bromides and chlorides, and substituted fluorobenzenes. Other alkyl or aryl halides of

these formulas can be prepared using conventional synthetic methods. The reaction is

conveniently carried out by combining a reagent ofFormula Halide-Z-Ar,

Halide-Z-Ar'-Y-R4, or Halide-Z-ArT-X-Y-R4 with a l#-imidazo[4,5-c]quinolinol of

Formula XXXII in a solvent such as DMF in the presence of a suitable base such as
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cesium carbonate or potassium carbonate. Optionally, catalytic tetrabutylammonium

bromide can be added. The reaction can be carried out at ambient temperature or at an

elevated temperature, for example 65 °C or 85 °C, depending on the reactivity of the

reagent ofFormula Halide-Z-Ar, Halide-Z-Ar'-Y-R4, or Halide-Z-Ar'-X-Y-R^ The

product or pharmaceutically acceptable salt thereof can be isolated using conventional

methods.

Alternatively, step (2) may be carried out using the Ullmann ether synthesis, in

which an alkali metal aryloxide of a 1 -77-imidazo[4?5 -c]quinolinol ofFormula XXXII

reacts with an aryl halide in the presence of copper salts, to provide compounds of

Formula n, where R3 is -Z-Ar or -Z-Ar?

-Y-R4, and Z is a bond.

Step (2) ofReaction Scheme III can alternatively be carried out by treating a 1H-

imidazo[4,5-c]quinolinol ofFormula XXXII with an alcohol ofFormula HO-Z-Ar under

Mitsunobu reaction conditions. Some alcohols of this formula, such as 3-pyridylcarbinol

and 3-furanmethanol, are commercially available, and others can be prepared using

conventional synthetic methods. The reaction is conveniently carried out by out by adding

triphenylphosphine and an alcohol ofFormula HO-Z-Ar to a solution of a lH-imidazo[4
3
5-

c]quinolinol ofFormula XXXII in a suitable solvent such as tetrahydrofuran and then

slowly adding diisopropyl azodicarboxylate. The reaction can be carried out at ambient

temperature or at a sub-ambient temperature, such as 0 °C. The product can be isolated

using conventional methods.

Reaction Scheme EI

Compounds of the invention can be prepared according to Reaction Scheme IV,

where R, Ri? R2 , and n are defined as above and R3 is -Z-Ar, -Z-Ar-Y-R4, -Z-Ar'-X-Y-R^
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where Z, Ax, Ax', X, Y, and R4 are defined as above. In step (1) ofReaction Scheme IV,

the benzyl group of a benzyloxy-lijT-imidazo[4 3
5-c]quinoline ofFormula XXII is cleaved

to provide a 1jY-imidazo[4,5-c]quinolinol ofFormula XXXIEL The reaction can be carried

out as described in step (1) ofReaction Scheme III, or the reaction can be carried out by

5 transfer hydrogenation in the presence of a suitable hydrogenation catalyst. The transfer

hydrogenation is conveniently carried out by adding ammonium formate to a solution of a

benzyloxy-li?-imidaz;o[4 ?
5-c]quinoline ofFormula XXH in a suitable solvent such as

ethanol in the presence of a catalyst such as palladium on carbon. The reaction is carried

out at an elevated temperature, for example, the refluxing temperature of the solvent.

10 In step (2) ofReaction Scheme IV, a liy-imidazo[4,5-c]quinolinol ofFormula

XXXm is treated with an alkyl or aryl halide ofFormula Halide-Z-Ar, Halide-Z-Ar'-Y-R4 ,

or Halide-Z-Ar
f-X-Y-R4 to afford an ether-substituted l//-imidazo[4,5-c]quinoline of

Formula XI. The reaction can be carried out as described in step (2) ofReaction Scheme

in.

15 In steps (3) and (4) ofReaction Scheme IV, an ether-substituted 17Wmidazo[4,5-

c]quinoline ofFormula XI is oxidized to afford a ljy-imidazo[4,5-c]quinoline-5iV-oxide of

Formula X, which is aminated to provide a l/Z~imidazo[4,5-c]quinolin"4-amine of

Formula II. Steps (3) and (4) can be carried out as described in steps (8) and (9),

respectively, ofReaction Scheme I. The product or pharmaceutically acceptable salt

20 thereof can be isolated using conventional methods.
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Reaction Scheme IV

5 Further synthetic elaboration of ether-substituted l//-imidazo[4?5-c]quinolin-4-

amincs ofFormula E, prepared in Reaction Scheme III or IV, or ether-substituted IH-

imidazo[4,5-c]quinolines ofFormula XI, intermediates in Reaction Scheme IV, is

possible. For example, a nitro substituent on the aryl or heteroaryl group on a compound

ofFormula II, where R3 is -Z~Ar, can be reduced to an amino group using conventional

10 methods. The reduction can be carried out using the methods described in step (6) of

Reaction Scheme L The resulting amino substituent on the aryl or heteroaryl group on a

compound ofFormula II or XI, where R3 is -Z-Ar, can be further elaborated as described

below.

An amino substituent on the aryl or heteroaryl group on a compound ofFormula II

15 or XI, where R3 is -Z-Ar, can be reacted with an aldehyde to provide an imine that can be

reduced using conventional methods to provide a compound ofFormula II or XI, wherein

R3 is -Z-Ar'-N(Rs)-H? and Rg is as defined above, or a pharmaceutical^ acceptable salt

thereof. A compound of Formula II or XI, where R3 is -Z-Ar'-N(Rs)-H can be treated

according to the methods described in step (7) or (7a) ofReaction Scheme II to provide a

20 compound ofFormula II or XI in which R3 is -Z-Ar*-N(R8)-Q-R4 or ~Z-Ar'-R5 , wherein Q,

R4, and Rg are as defined above and R5 is
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—V-ti \ -N-C(O) -N— S(0)2

\cH2)b
S

9
^

9 or 9
wherein V is -N(R8)-C(R6)-, and a, b,

R6, R7 9 Rs, and A are as defined above. A compound ofFormula XI, in which R3 is

-Z-Ar!-N(Rs)~Q-R4 or -Z-Ar-R5, can be converted into compound ofFormula II or a

pharmaceutically acceptable salt thereof using the chemistry described in steps (3) and (4)

in Reaction Scheme IV.

Compounds ofFormula II, where R, Ri, R2, and n are defined as above and R3 is

-Z-Ar or -Z-Arf-Y-R4, where Z is a bond, and Ar, Ar\ Y, and R4 are defined as above, may

alternatively be prepared as shown in Reaction Scheme V and Reaction Scheme VI

wherein Hal is halogen. Step (1) of Reaction Scheme V and Reaction Scheme VI may be

carried out using the Ullmann ether synthesis, in which an alkali metal aryloxide of an aryl

alcohol ofFormula ArOH or HOAr-Y-R* reacts with a halogen-substituted IH-

imidazo[4,5-c]quinolin-4-amine ofFormula XXXIV or a halogen-substituted 1/7-

imidazo[4,5~c]quinoline ofFormula XXXV in the presence of copper salts. Many

compounds ofFormulae XXXIV and XXXV are known. See, for example, U.S. Patents

4,689,338; 4,929,624; 5,268,376; 5,346,905; 5,389,640; 5,756,746; 6,331,539; 6,451,810;

6,541,485; 6,545,016; 6,660,747; 6,683,088; 6,656,938; 6,664,264; and 6,664,260;

European Patent Application 1 104 764; and Japanese Patent Application 9-255926.

Others can be readily prepared using known synthetic methods. See, for example, U.S.

Patent Nos. 4,988,815; 5,175,296; 5,367,076; 5,395,937; and 5,741,908. Several aryl

alcohols ofFormulae ArOH or HOAJ-Y-R4 are known; others can be prepared using

known synthetic methods. In Reaction Scheme I, the reaction ofa halogen-substituted IH-

imidazo[4,5-c]quinolin-4-amine ofFormula XXXIV under Ullmann conditions would

provide an ether-substituted l Jf/-imidazo[4,5-c]quinolin-4-amine ofFormula II.
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Reaction Scheme V

In Reaction Scheme VI the reaction of halogen-substituted li7~imidazo[4,5-

e]quinoline ofFormula XXXV would provide an ether-substituted li?-imidazo[4
?
5-

c]quinoline ofFormula XL In steps (2) and (3) ofReaction Scheme VI an ether-

substituted li7-imidazo[4,5-c]quinoline ofFormula XI can be oxidized to afford a 1H-

imidazo[4,5-c]quinoline-57V-oxide ofFormula X, which can be animated to provide a III-

imidazo[4,5-c]quinolin-4-amine ofFormula II. Steps (2) and (3) ofReaction Scheme VI

can be carried out as described in steps (3) and (4) ofReaction Scheme IV.

Reaction Scheme VI

Compounds of the invention can be prepared according to Reaction Scheme VII,

where Ar, R, Ri, R2, and n are as defined above.
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In step (1) of Reaction Scheme VII, a liWmidazo[4,5-c]quinolinol ofFormula

XXXII is alkylated with a bromide of the Formula Br-(CH2)m-C>CH to provide a IH-

imidazo[4,5 -c]quinolinyl ether ofFormula XXXVI. The compound ofFormula XXXII

and the bromide are combined in a suitable solvent such as DMF in the presence of cesium

carbonate. The reaction can be run at ambient temperature.

In step (2) of Reaction Scheme VET, a l#~imidazo[4,5-c]quinoline ofFormula

XXXVI is coupled with a halide of the Formula halide-Ar using Sonogashira reaction

conditions to provide a l#-imidazo[4,5-c]quinoline ofFormula Ha, which is a subgenus of

Formula EL A compound of the Formula XXXVI is combined with the halide in the

presence of copper (I) iodide, dichlorobis(triphenylphosphine)palladium(II) ?
and excess

triethylamine in a suitable solvent such as DMF. The reaction is preferably carried out at

an elevated temperature (60-80 °C).

In step (3) ofReaction Scheme VII, the alkyne bond of a l/f-imidazo[4,5-

c]quinoline ofFormula Ila is reduced to provide a li7-imidazo[4
?
5-c]quinoline ofFormula

lib, which is a subgenus ofFormula n. The reduction can be carried out by hydrogenation

using a conventional heterogeneous hydrogenation catalyst such as palladium on carbon.

The hydrogenation is conveniently carried out in a Parr apparatus in a suitable solvent such

as ethanol. The reaction can be run at ambient temperature. The product or a

pharmaceutically acceptable salt thereof can be isolated using conventional methods.
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Reaction Scheme VII

Pharmaceutical Compositions and Biological Activity

Pharmaceutical compositions of the invention contain a therapeutically effective

amount of a compound of the invention as described above in combination with a

pharmaceutically acceptable carrier.

The term "a therapeutically effective amount" or "effective amount" means an

amount of the compound sufficient to induce a therapeutic or prophylactic effect, such as

cytokine induction, cytokine inhibition, immunomodulation, antitumor activity, and/or

antiviral activity. Although the exact amount of active compound used in a

pharmaceutical composition ofthe invention will vary according to factors known to those

of skill in the art, such as the physical and chemical nature of the compound, the nature of

the carrier, and the intended dosing regimen, it is anticipated that the compositions ofthe

invention will contain sufficient active ingredient to provide a dose of about 100

nanograms per kilogram (ng/kg) to about 50 milligrams per kilogram (mg/kg), preferably
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about 10 micrograms per kilogram (fig/kg) to about 5 mg/kg? ofthe compound to the

subject. A variety of dosage forms may be used, such as tablets, lozenges, capsules,

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal

patches, transmucosal patches and the like.

5 The compounds of the invention can be administered as the single therapeutic

agent in the treatment regimen, or the compounds of the invention may be administered in

combination with one another or with other active agents, including additional immune

response modifiers, antivirals, antibiotics, antibodies, proteins, peptides, oligonucleotides,

etc.

10 Compounds of the invention have been shown to induce, and certain compounds of

the invention may inhibit, the production of certain cytokines in experiments performed

according to the tests set forth below. These results indicate that the compounds are useful

as immune response modifiers that can modulate the immune response in a number of

different ways, rendering them useful in the treatment of a variety of disorders.

1 5 Cytokines whose production may be induced by the administration ofcompounds

according to the invention generally include interferon-a (IFN-a) and/or tumor necrosis

factor-a (TNF-a) as well as certain interleukins (IL). Cytokines whose biosynthesis may

be induced by compounds of the invention include IFN-a, TNF-a, IL-1, IL-6, IL-10 and

IL-12, and a variety of other cytokines. Among other effects, these and other cytokines

20 can inhibit virus production and tumor cell growth, making the compounds useful in the

treatment of viral diseases and neoplastic diseases. Accordingly, the invention provides a

method of inducing cytokine biosynthesis in an animal comprising administering an

effective amount of a compound or composition ofthe invention to the animal. The

animal to which the compound or composition is administered for induction of cytokine

25 biosynthesis may have a disease as described infra> for example a viral disease or a

neoplastic disease, and administration ofthe compound may provide therapeutic treatment.

Alternatively, the compound maybe administered to the animal prior to the animal

acquiring the disease so that administration of the compound may provide a prophylactic

treatment.

30 In addition to the ability to induce the production of cytokines, compounds ofthe

invention may affect other aspects of the innate immune response. For example, natural
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killer cell activity may be stimulated, an effect that may be due to cytokine induction. The

compounds may also activate macrophages, which in turn stimulate secretion of nitric

oxide and the production of additional cytokines. Further, the compounds may cause

proliferation and differentiation ofB-lymphocytes.

Compounds of the invention can also have an effect on the acquired immune

response. For example, the production ofthe T helper type 1 (TH1) cytokine IFN-y may be

induced indirectly and the production ofthe T helper type 2 (TH2) cytokines IL-4, IL-5 and

IL-13 may be inhibited upon administration of the compounds.

Other cytokines whose production may be inhibited by the administration of certain

compounds according to the invention include tumor necrosis factor-a (TNF-a). Among

other effects, inhibition ofTNF-a production can provide prophylaxis or therapeutic

treatment of diseases in animals in which TNF is mediated, making the compounds useful

in the treatment of, for example, autoimmune diseases. Accordingly, the invention

provides a method of inhibiting TNF-a biosynthesis in an animal comprising

administering an effective amount of a compound or composition of the invention to the

animal. The animal to which the compound or composition is administered for inhibition

ofTNF-a biosynthesis may have a disease as described infra, for example an autoimmune

disease, and administration ofthe compound may provide therapeutic treatment.

Alternatively, the compound maybe administered to the animal prior to the animal

aquiring the disease so that administration of the compound may provide a prophylactic

treatment.

Whether for prophylaxis or therapeutic treatment of a disease, and whether for

effecting innate or acquired immunity, the compound or composition may be administered

alone or in combination with one or more active components as in, for example, a vaccine

adjuvant. When administered with other components, the compound and other component

or components may be administered separately; together but independently such as in a

solution; or together and associated with one another such as (a) covalently linked or (b)

non-covalently associated, e.g., in a colloidal suspension.

Conditions for which IRMs identified herein maybe used as treatments include,

but are not limited to:
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(a) viral diseases such as, for example, diseases resulting from infection by an

adenovirus, a herpesvirus (e.g., HSV-I, HSV-II, CMV, or VZV), a poxvirus (e.g., an

orthopoxvirus such as variola or vaccinia, or molluscum contagiosum), a picornavirus

(e.g., rhinovirus or enterovirus), an orthomyxovirus (e.g., influenzavirus), a paramyxovirus

(e.g., parainfluenzavirus, mumps virus, measles virus, and respiratory syncytial virus

(RSV) 5
a coronavirus (e.g., SARS), a papovavirus, (e.g. 5

papillomaviruses, such as those

that cause genital warts, common warts, or plantar warts), a hepadnavirus (e.g., hepatitis B

virus), a flavivirus (e.g., hepatitis C virus or Dengue virus), or a retrovirus (e.g., a

lentivirus such as HIV);

(b) bacterial diseases, such as, for example, diseases resulting from infection by

bacteria of, for example, the genus Escherichia, Enterobacter, Salmonella, Staphylococci,

Shigella, Listeria, Aerobacter, Helicobacter, Klebsiella, Proteus, Pseudomonas,

Streptococcus, Chlamydia, Mycoplasma, Pneumococcus, Neisseria, Clostridium, Bacillus,

Corynebacterium, Mycobacterium, Campylobacter, Vibrio, Serratia, Providencia,

Chromobacterium, Brucella, Yersinia, Haemophilus, or Bordetella;

(c) other infectious diseases, such as chlamydia, fungal diseases, such as, for

example, candidiasis, aspergillosis, histoplasmonsis, cryptococcal meningitis, or parasitic

diseases, such as, for example, malaria, Pneumocystis carnii pneomonia, leishmaniasis,

cryptosporidiosis, toxoplasmosis, and trypanosome infection;

(d) neoplastic diseases, such as intraepithelial neoplasias, cervical dysplasia, actinic

keratosis, basal cell carcinoma, squamous cell carcinoma, renal cell leukemia, Karposi's

sarcoma, melanoma, renal cell carcinoma, leukemias, such as, for example, myelogeous

leukemia, chronic lymphocytic leukemia, and multiple myeloma, non-Hodgkin's

lymphoma, cutaneous T-cell lymphoma, B-cell lymphoma, hairy cell leukemia, and other

cancers; and

(e) TH2-mediated, atopic, and autoimmune diseases, such as atopic dermatitis or

eczema, eosinophilia, asthma, allergy, allergic rhinitis, systemic lupus erythematosis,

essential thrombocythaemia, multiple sclerosis, Ommen's syndrome, discoid lupus,

alopecia areata, inhibition ofkeloid formation and other types of scarring, and enhancing

wound healing, including chronic wounds.
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IRMs identified herein also may be useful as a vaccine adjuvant for use in

conjunction with any material that raises either humoral and/or cell mediated immune

response, such as, for example, live viral, bacterial, or parasitic immunogens; inactivated

viral, tumor-derived, protozoal, organism-derived, fungal, or bacterial immunogens,

5 toxoids, toxins; self-antigens; polysaccharides; proteins; glycoproteins; peptides; cellular

vaccines; DNA vaccines; recombinant proteins; and the like, for use in connection with,

for example, BCG, cholera, plague, typhoid, hepatitis A, hepatitis B, and hepatitis C,

influenza A and influenza B, parainfluenza, polio, rabies, measles, mumps, rubella, yellow

fever, tetanus, diphtheria, hemophilus influenza b, tuberculosis, meningococcal and

10 pneumococcal vaccines, adenovirus, HIV, chicken pox, cytomegalovirus, dengue, feline

leukemia, fowl plague, HSV-1 and HSV-2, hog cholera, Japanese encephalitis, respiratory

syncytial virus, rotavirus, papilloma virus, yellow fever, and Alzheimer's Disease.

IRMs may also be particularly helpful in individuals having compromised immune

function. For example, IRM compounds may be used for treating the opportunistic

15 infections and tumors that occur after suppression of cell mediated immunity in, for

example, transplant patients, cancer patients and HIV patients.

Thus, one or more of the above diseases or types of diseases, for example, a viral

disease or a neoplastic disease may be treated in an animal in need thereof (having the

disease) by administering a therapeutically effective amount of a compound or salt of the

20 invention or a combination thereofto the animal. An animal may also be vaccinated by

administering an effecive amount of a compound or salt of the invention or a combination

thereof to the animal as a vaccine adjuvant.

An amount of a compound effective to induce cytokine biosynthesis is an amount

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells

25 and B-cells to produce an amount ofone or more cytokines such as, for example, IFN-a,

TNF-a, IL-1, IL-6, EL-10 and IL-12 that is increased over the background level of such

cytokines. The precise amount will vary according to factors known in the art but is

expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 fig/kg to

about 5 mg/kg. The invention also provides a method of treating a viral infection in an

30 animal and a method of treating a neoplastic disease in an animal comprising
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administering an effective amount of a compound or composition of the invention to the

animal.

An amount effective to treat or inhibit a viral infection is an amount that will cause

a reduction in one or more of the manifestations of viral infection, such as viral lesions,

5 viral load, rate of virus production, and mortality as compared to untreated control

animals. The precise amount that is effective for such treatment will vary according to

factors known in the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg,

preferably about 10 \xgfkg to about 5 mg/kg. An amount of a compound effective to treat a

neoplastic condition is an amount that will cause a reduction in tumor size or in the

10 number oftumor foci. Again, the precise amount will vary according to factors known in

the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about

10 jug/kg to about 5 mg/kg.

In certain embodiments, there is provided a method of inducing cytokine

biosynthesis in an animal comprising administering an effective amount of a compound or

15 salt described herein to the animal. In another embodiment, there is provided a method of

treating a viral disease in an animal comprising administering a therapeutically effective

amount of a compound or salt described herein to the animal. In another embodiment,

there is provided a method of treating a neoplastic disease in an animal comprising

administering a therapeutically effective amount of a compound or salt described herein to

20 the animal.
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EXAMPLES

Example 1

7-Benzyloxy- 1 -(2-methylpropyl)-2-propyl-lH-imidazo[4,5 -c]quinolin~4-amine

PartA
A mixture of triethyl orthoformate (92 mL, 0.55 mol) and 2,2~dimethyl-[l,3]-

dioxane-4,6~dione (75.3 g, 0.522 mol) (Meldrum's acid) was heated at 55 °C for 90

minutes and then cooled to 45 °C. A solution of 3-benzyloxyaniline (100.2 g, 0.5029 mol)

10 in methanol (200 mL) was slowly added to the reaction over a period 45 minutes while

maintaining the reaction temperature below 50 °C The reaction was then heated at 45 °C

for one hour, allowed to cool to room temperature, and stirred overnight. The reaction

mixture was cooled to 1 °C, and the product was isolated by filtration and washed with

cold ethanol (-400 mL) until the filtrate was colorless. 5-{[(3-

15 Benzyloxy)phenylimino]methyl}-2,2-dimethyl-[l
?
3]-dioxane-4,6-dione (170.65 g) was

isolated as a tan, powdery solid.

1HNMR (300MHz, DMSO-^) : 5 11.21 (d, •/= 14.2 Hz
?
1H), 8.61 (d

9
J= 14.2 Hz, 1H),

7.49-7.30 (m, 7H), 7.12 (dd, J= 8.1, 1.96 Hz, 1H), 6.91 (dd, J= 8.4, 2.1 Hz, 1H), 5.16 (s,

2H), 1.68 (s, 6H).

20 Part B

A mixture of 5-{[(3-benzyloxy)phenylimino]methyl}-2,2-dimethyl-[l 53]-dioxane-

4,6-dione (170.65 g, 0.483 mol) and DOWTHERM A heat transfer fluid (800 mL) was

heated to 100 °C and then slowly added to a flask containing DOWTHERM A heat

transfer fluid (1.3 L, heated at 210 °C) over a period of40 minutes. During the addition,

25 the reaction temperature was not allowed to fall below 207 °C. Following the addition, the

reaction was stirred at 210 °C for one hour, and then allowed to cool to ambient

temperature. A precipitate formed, which was isolated by filtration, washed with diethyl
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ether (1.7 L) and acetone (0.5 L), and dried in an oven to provide 76.5 g of 7-

benzyloxyquinolin-4-ol as a tan powder.

'HNMR (300MHz, DMSO-^) : 5 11.53 (s, 1H), 7.99 (dd, 2.4, 7.4Hz, 1H), 7.79 (d, J

= 7.4Hz, 1H), 7.50-7.32 (m, 5H), 7.00 (s, 1H), 6.98 (dd, J= 2.5, 7.4Hz, 1H), 5.93 (d, */=

5 7.5Hz, 1H), 5.20 (s, 2H).

Part C

A mixture of 7-benzyloxyquinolin-4-ol (71.47 g, 0.2844 mol) and propionic acid

(700 mL) was heated to 125 °C with vigorous stirring. Nitric acid (23.11 mL of 16 M) was

slowly added over a period of 30 minutes while maintaining the reaction temperature

10 between 121 °C and 125 °C. After the addition, the reaction was stirred at 125 °C for 1

hour then allowed to cool to ambient temperature. The resulting solid was isolated by

filtration, washed with water, and dried in an oven for 1.5 days to provide 69.13 g of 7-

benzyloxy-3-nitroquinolin-4-ol as a grayish powder.

XHNMR (300MHz, DMSO-cfc) : 8 12.77 (s, 1H), 9.12 (s, 1H), 8.17 (dd, J= 3.3, 6.3Hz,

15 1H), 7.51-7.33 (m, 5H), 7.21-7.17 (m, 2H), 5.25 (s, 2H).

PartD

i\yV-Dimethylformamide (100 mL) (DMF) was cooled to 0 °C, and phosphorous

oxychloride (27.5 mL, 0.295 mol) was added dropwise. The resulting solution was stirred

for 25 minutes and then added dropwise to a mixture of 7-benzyloxy~3-nitroqumolin-4-ol

20 (72.87 g, 0.2459 mol) in DMF (400 mL). Following the addition, the reaction was heated

at 100 °C for 5 minutes, cooled to ambient temperature, and poured into ice water with

stirring. A tan precipitate formed, which was isolated by filtration and dissolved in

dichloromethane. The resulting solution was dried over magnesium sulfate, filtered, and

concentrated under reduced pressure to yield 72.9 g of 7-benzyloxy-4-chloro-3-

25 nitroquinoline as a light brown solid.

lU NMR (300MHz, DMSO-^) : 8 9.34 (s, 1H), 8.36 (d, J= 8.7Hz, 1H), 7.71 (d, J=

2.4Hz, 1H), 7.66 (dd, J= 2.4, 9.3Hz, 1H), 7.56-7.51 (m, 2H), 7.46-7.34 (m, 3H), 5.40 (s,

2H).

PartE

30 Triethylamine (38.6 mL, 0.277 mol) was added to a solution of 7-benzyloxy-4-

chloro-3-nitroquinoline (72.9 g, 0.232 mol) in dichloromethane (1200 mL). Isobutylamine
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(25.24 mL, 0.2540 mol) was then added, and the reaction mixture was stirred for 1 8 hours

at ambient temperature. The reaction mixture was diluted with dichloromethane, washed

sequentially with water (2 x) and brine, dried over anhydrous sodium sulfate, filtered, and

concentrated under reduced pressure to yield 67.4 g of (7-benzyloxy-3-nitroquinolin~4-yl)-

5 (2-methylpropyl)amine as a brown solid.

lHNMR (300MHz, DMSO-^) : 5 9.29 (t, J- 4.8Hz, 1H) 5 9.07 (s, 1H), 8.42 (d, J=

9.4Hz, 1H), 7.53-7.49 (m, 2H), 7.45-7.32 (m, 4H), 7.27 (dd, J= 2.6, 9.3Hz, 1H), 5.32 (s,

2H), 3.60 (t, J= 6.0Hz, 2H), 2.00 (septet, J= 6.7Hz, 1H), 0.96 (d, J= 6.3Hz, 6H).

PartF

10 Sodium borohydride (29.0 g, 0.767 mol) was added in small portions to a solution

ofnickel(II)chloride (22.8 g, 0.096 mol) in methanol (1.25 L). A solution of (7-benzyloxy-

3-nitroquinolin-4-yl)-(2-methylpropyl)amine (67.4 g, 0.192 mol) in methanol (300 mL)

and dichloromethane (300 mL) was added to the resulting mixture. A precipitate was

present and was dissolved by the addition of dichloromethane (500 mL). Additional

15 sodium borohydride (-10 g) was added in small portions until the (7-benzyloxy-3-

nitroquinolin-4~yl)-(2»mcthylpropyl)amine was consumed. The reaction mixture was

filtered through a layer ofCELITE filter aid, and the filter cake was washed with 50:50

dichloromethanemethanol . The filtrate was concentrated under reduced pressure, and the

black, oily residue was treated with water and dichloromethane. The organic solution was

20 washed with water and brine, dried over magnesium sulfate, and filtered. The filtrate was

treated with activated charcoal, filtered, and concentrated under reduced pressure to yield

55.4 g of 7-benzyloxy-A^-(2-methylpropyl)quinoline-3,4-diamine as an oily brown solid.

lU NMR (300MHz, DMSO-4*) : 8 8.26 (s, 1H), 7.94 (d, J= 9.4Hz, 1H), 7.51-7.48 (m,

2H), 7.43-7.30 (m, 3H), 7.21 (d, /= 3.2Hz, 1H), 7.10 (dd, J~ 9.5, 2.4Hz, 1H), 5.18 (s,

25 2H), 4.92 (t, J- 7.0Hz, 1H), 4.70 (s, 2H), 3.04 (t, J= 6.9Hz, 2H), 1.75 (septet, J= 6.8Hz,

1H), 0.89 (d,/= 6.3Hz, 6H).

PartG

Trimethyl orthobutyrate (29.75 mL, 0.1859 mol) was added in three portions to a

solution of 7-benzyloxy-A/
4
-(2-methylpropyl)quinoline-3,4-diamine (54.6 g, 0.170 mol) in

30 toluene (795 mL). Pyridine hydrochloride (1.96 g) was then added, and the reaction was

heated at 105 °C and stirred for four hours. Additional trimethyl orthobutyrate (7 mL, 40
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mmol) was then added, and the reaction was stirred for three hours. The reaction was

allowed to cool to ambient temperature, and the solvent was removed under reduced

pressure. The oily residue was treated with chloroform, which was removed under

reduced pressure to remove residual toluene, and then again diluted with chloroform (1.2

5 L). The resulting solution was washed with 5% aqueous sodium bicarbonate, water, and

brine; dried over magnesium sulfate; filtered; and concentrated under reduced pressure to

yield 60.3 g of 7-benzyloxy-l-(2-methylpropyl)-2-propyl-l/Z-imidazo[4,5-c]quinoline as

an oily brown solid, containing a small amount of toluene (0.93 equivalents).

>HNMR (300MHz, DMSO-J*) : 5 9.15 (s, 1H), 8.25 (d, J= 8.8Hz, 1H), 7.68 (d, J=

10 2.6Hz, 1H), 7.53-7.12 (m, 6H), 5.31 (s 5 2H), 4.42 (d, J= 7.5Hz, 2H), 2.94 (t, J= 7.5Hz,

2H), 2.25-2.09 (m, 1H), 1.90 (sextet, J= 7.4Hz, 2H), 1.04 (t, J= 7.5Hz, 3H), 0.89 (d, J=

6.3Hz, 6H).

PartH

3-Chloroperoxybenzoic acid (60% pure, 22.9 g, 79.6 mmol) (mCPBA) was added

15 in portions to a solution of 7-benzyloxy- 1 -(2-methylpropyl)-2-propyl- li^-imidazo [4,5-

c]quinoline (27.0 g, 72.3 mmol) in dichloromethane (1 L), and the reaction was stirred for

30 minutes. Water (1 L) was added, and the resulting mixture was stirred for 30 minutes.

The organic layer was washed with 1% aqueous sodium carbonate (2 x 200 mL), dried

over magnesium sulfate, filtered, and concentrated under reduced pressure.

20 Parti

The material from Part H was dissolved in dichloromethane (800 mL), and

concentrated ammonium hydroxide (300 mL) was added. /?-Toluenesulfonyl chloride

(16.6 g, 86.8 mmol) was added in small portions to the resulting mixture, and the reaction

was stirred for 30 minutes and then diluted with water. The organic layer was dried over

25 magnesium sulfate, filtered, and concentrated under reduced pressure. The crude product

was recrystallized from acetonitrile to provide 21.4 g of 7-benzyloxy- l-(2-methylpropyl)-

2-propyl- 1iiWmidazo [4,5-c]quinolin-4-amine as feathery off-white crystals, mp 206.2-

208.2 °C.

lH NMR (300MHz, DMSO-</5) : 8 7.87 (d, J= 9.1Hz, 1H), 7.52-7.28 (m, 5H), 7.12 (d, J=

30 2.4Hz, 1H), 6.97 (dd, J— 2.8, 8.9Hz, 1H), 6.38 (s, 2H), 5.20 (s, 2H), 4.28 (d, J= 6.8Hz,
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2H), 2.86 (t, J= 7.5Hz, 2H), 2.21-2.08 (m, 1H), 1.83 (sextet, 7.3Hz, 2H), 1.01 (t, J-

7.5Hz, 3H), 0.91 (d, ./= 7.0Hz, 6H).

MS (CI) m/z 420.2042 (420.2036 calcd for C24H28N4O, M+H).

Anal. Calcd. for C24H28N4O: %C, 74.20; %H, 7.26; %N, 14.42. Found: %C, 74.21; %H,

7.09; %N, 14.48.

Material from a smaller scale run of Parts H and I was used to obtain these characterization

data.

Example 2

7-Benzyloxy-2-ethoxymethyl-l-(2-me1^

Part A
The preparation of 7-benzyloxy-A74-(2-methylpropyl)quinoline-3,4-diamine is

described in Parts A-F ofExample 1 . A concentrated solution of ethoxyacetyl chloride

(12.2 g, 99.2 mmol) was added dropwise to a solution of 7-benzyloxy-iV
4
-(2-

methylpropyl)quinoline-3,4-diamine (29 g, 90 mmol) in 50:50 toluene:pyridine. The

temperature of the reaction reached 40 °C, and a precipitate formed. Triethylamine (15-20

g) and pyridine were added to help dissolve the precipitate. The reaction was heated at

reflux for three hours and then allowed to cool to ambient temperature overnight. The

solvents were removed under reduced pressure, and the black residue was dissolved in

dichloromethane. The resulting solution was washed several times with aqueous sodium

carbonate (150 mL), dried over magnesium sulfate, filtered, and concentrated under

reduced pressure to provide 29.2 g of 7-benzyloxy-2-ethoxymethyl- 1 -(2-methylpropyl)-

1Tf-imidazo[4,5-c]quinoline as a tan solid.

Part B

The general methods described in Parts H and I ofExample 1 were followed using

7-benzyloxy-2-ethoxymethyl-l-(2-m (29.2 g,

-62-



WO 2005/020999 PCT7US2004/028021

78.2 mmol) in lieu of 7-benzyloxy-l-(2-methylpropyl)-2-propyl-l/f4midazo[4,5-

cjquinoline. The crude product was triturated with acetonitrile, isolated by filtration, and

dried for 18 hours in a vacuum oven at 68 °C to provide 163 g of 7-benzyloxy-2-

ethoxymethyl-l-(2-methylpro as an off-white

solid, mp 201 .0-203.0 °C.

*H NMR (300 MHz, DMSO-d6) 5 7.91 (d, 9.1 Hz, 1H), 7.51-7.31 (m, 5H), 7.12 (d, J=

2.7 Hz, 1H), 6.99 (dd, J= 9.0, 2.7 Hz, 1H), 6.54 (br s, 2H), 5.21 (s, 2H), 4.73 (s, 2H), 4.39

(d, J= 7.6 Hz, 2H), 3.55 (q, J= 7.0 Hz, 2H), 2.27-2.18 (m, 1H), 1.15 (t, J- 7.0 Hz, 3H),

0.91 (d,J= 6.7 Hz, 6H);

13C NMR (75 MHz, DMSO-d6) 6 157.1, 152.2, 148.4, 146.9, 137.2, 133.4, 128.3, 127.6,

127.4, 125.0, 121.6, 111.7, 108.9, 108.6, 67.0, 65.2, 64.1, 51.6, 28.4, 19.2, 14.8;

MS (APCI) mlz 405 (M+Hf

;

Anal. Calcd. for C24H28N4O2: %C, 71.26; %H, 6.98; %N, 13.85. Found: %C, 71.12; %H,

7.11; %N, 13.76.

Example 3

7-Benzyloxy-2-methyl-l-(2-methylpropyl)-li7-imidazo[4,5-c]quinolin-4-amine

NH9

The preparation of 7~benzyloxy-A^-(2-methylpropyl)quinoline-3,4-diamine is

described in Parts A-F ofExample 1 . Under a nitrogen atmosphere, triethyl orthoacetate

(4.59 mL, 25.0 mmol) was added to a solution of 7-benzyloxy-JV
4
-(2-

methylpropyl)quinoline-3,4-diamine (8.05 g, 25.0 mmol) in xylenes (130 mL), and the

resulting solution was heated at reflux (160 °C) overnight. The solvent volume was

reduced to 70 mL using a Dean-Stark trap. Over a period of a few days, a precipitate

formed. Diethyl ether was added, and the precipitate was isolated by filtration and washed

Part A
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with diethyl ether to provide 6.81 g of 7-benzyloxy-2-methyl-l -(2-methylpropyl)-l

imidazo[4,5 -c]quinoline as a light-brown powder.

PartB

mCPBA (65% pure, 2.3 1 g, 8.70 mmol) was added in two portions with stirring to

5 a solution of 7-benzyloxy-2-methyl-l-(2-methylpropyl)-li/-imidazo[4
35-c]quinoline (3.01

g, 8.71 mmol) in chloroform (100 mL)3 and the reaction was stirred for four hours. An

analysis by thin layer chromatography (TLC) indicated the reaction was incomplete, and .

additional mCPBA was added. The solution was stirred until the reaction was complete as

determined by TLC and then washed with saturated aqueous sodium bicarbonate, dried

1 0 over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue

was used without purification.

PartC

Under a nitrogen atmosphere, trichloroacetyl isocyanate (1.60 mL, 13.4 mmol) was

added dropwise to a solution of the material from Part B in dichloromethane (100 mL),

1 5 and the reaction was stirred for one hour. The solvent was removed under reduced

pressure. The residue was diluted with methanol, and a solution of sodium methoxide

(3.06 mL, 13.4 mmol, 25% in methanol) was slowly added. The reaction was stirred

overnight, and a precipitate formed. The precipitate was isolated by filtration, washed

with cold hexanes (3 x), recrystallized from acetonitrile, and dried for two days at 60 °C to

20 provide 1 . 1 5 g of 7-benzyloxy-2-methyl-l -(2-methylpropyl)-17/-imidazo[4,5-c]quinolin-4-

amine as a white solid, mp 171.9 °C.

XH NMR (300 MHz, DMSO-d6) 5 7.87 (d, J= 9.0 Hz, 1H), 7.51-7.48 (m, 2H) 3
7.42-7.29

(m, 3H), 7.23 (d, J= 2.7 Hz, 1H), 7.08 (dd, J= 9.3, 2.7 Hz, 1H), 5.19 (s, 2H), 4.25 (d, J=

7.5 Hz, 2H), 2.62 (s, 3H), 2.27 (heptet, J— 6.9 Hz, 1H), 1.00 (d, J= 6.6 Hz, 6H);

25 MS (ESI) mlz 361 .2030 (calcd for C22H24N4O 361 .2028, M + H);

Anal. Calcd. for C^H^O: %C, 73.31; %H, 6.71; %N, 15.54. Found: %C, 73.29; %H,

6.67; %N, 15.54.
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Example 4

7-Benzyloxy-2-ethyl- 1 -(2-^

Part A

5 The general method described in Part A ofExample 3 was followed. Triethyl

orthopropionate (7.66 mL, 58.1 mmol) was added in lieu of triethyl orthoacetate to a

solution of 7-benzyloxy-A^-(2-methylpropyl)quinoline-3
?4-diamine (18.68 g, 58.11 mmol)

in xylenes (200 mL). At the end of the reaction, the precipitate was collected in three

crops to provide 7.16 g of 7-benzyloxy-2-ethyl-l-(2-methylpropyl)-lia
r

-imidazo[4
;)

5-

10 c]quinoline as a light-brown solid, mp 127 °C.

Anal. Calcd. for C23H25N3O: %C, 76.85; %H, 7.01; %N, 11.69. Found: %C, 76.86; %H, 1

7.10; %N, 11.77.

PartB

A modification of the general method described in Part B ofExample 3 was

1 5 followed using 7-benzyloxy-2-ethyl- 1 -(2-methylpropyl)-li7-imidazo[4,5-c]quinoline as the

starting material; the reaction was complete in four hours. The reaction product was dried

under high vacuum overnight to provide 1.38 g of 7-benzyloxy-2-ethyl~ 1 -(2-

methylpropyl)-5-oxido-li/-imidazo[4
?5-c]quinoline as a foamy, orange solid.

PartC

20 The general method described in Part C ofExample 3 was used to convert 1-

benzyloxy~2-ethyl-l-(2-methylpro^ (1.38 g, 3.67

mmol) to 0.460 g of 7~benzyloxy-2~ethyl- 1 -(2-methylpropyl)- li7-imidazo[4,5-c]quinolin-

4-amine, which was obtained as a white solid, mp 193.2-193.5 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.86 (d, J= 8.7 Hz, 1H), 7.50 (dd, J= 8.7, 1.8 Hz, 2H),

25 7.43 - 7.30 (m, 3H), 7.1 1 (d, J~ 2.4 Hz, 1H), 6.99 (dd, J= 9.0, 2.7 Hz, 1H), 6.38 (s, 2H),
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5.20 (s, 2H), 4.26 (d, J= 7.5 Hz, 2H), 2.90 (q, J= 6.9 Hz, 2H), 2.15 (septet, J= 6.9, 1H),

1.35 (t, J= 7.5 Hz, 3H), 0.89 (d, J= 6.9 Hz, 6H);

MS (ESI) m/z 375.2179 (calcd for C23H26N40 375.2185,M + H);

Anal. Calcd. for C23H26N40: %C, 73.77; %H, 7.00; %N, 14.96. Found: %C, 73.54; %H,

5 6.93; %N, 15.00.

Example 5

4-Amino-l-(2-methylpropyl)-2-propyl-li7-imidazo[4,5-c]quinolin-7-ol

10 7-Benzyloxy-l-(2-methylpropyl)-2-propyl-l^-imidazo[4,5-c]quinolin-4-amine

(21.4 g, 55.1 mmol), prepared as described in Example 1, was dissolved in refluxing

ethanol (2 L), and 10% palladium on carbon (5.4 g, 5.1 mmol) was added to the warm

solution. The reaction was placed under hydrogen pressure (50 psi, 3.4 x 10
5
Pa)

overnight. The catalyst was removed by filtration and washed with hot ethanol (500 mL)

1 5 and methanol (400 mL). The filtrate was concentrated under reduced pressure to yield

14.5 g of an off-white solid. A small portion ofthe solid was recrystallized from 2-

propanol to provide 4-amino-l-(2-methylpropyl)-2-propyl-li7-imidazo[4,5-c]quinolin-7-ol

as white crystals, mp > 265 °C.

lHNMR (300 MHz, DMSO-d6) 8 9.44 (br s, 1H), 7.78 (d, J= 8.9 Hz, 1H), 6.95 (d, J= 2.5

20 Hz, 1H), 6.79 (dd, J= 8.9, 2.6 Hz, 1H), 6.29 (br s, 2H), 4.26 (d, J= 7.4 Hz, 2H), 2.84 (t, J
= 7.4 Hz, 2H), 2.14 (septet, J= 7.1 Hz, 1H), 1.88-1.77 (m, 2H), 1.01 (t, J= 7.3 Hz, 3H),

0.91 (d,J-=6.6Hz,6H);

13C NMR (75 MHz, DMSO-d6) 5 156.1, 152.3, 151.9, 146.9, 133.1, 126.5, 121.2, 111.9,

109.9, 108.4, 51.3, 28.8, 28.7, 21.0, 19.3, 13.9;

25 MS (APCI) mlz 299 (M+H)+
;

Anal. Calcd. for Ci7H22N40: %C, 68.43; %H, 7.43; %N, 18.78. Found: %C, 68.38; %H,

7.27; %N, 18.74.
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Example 6

4-Amino-2-ethoxymethyl-l -(2-methylpropyl)- l/^imidazo[4,5-c]quinolin-7-ol

NH0

HO

7-Benzyloxy-2-ethoxymethyl- 1 -(2-methylpropyl)- lff-imidazo[4,5-c]quinolin-4-

amine (16.3 g, 403 niniol), prepared as described in Example 2, was dissolved in refluxing

ethanol (1 .5 L), and 10% palladium on carbon (4.3 g, 4.0 mmol) was added to the warm

solution. A precipitate formed upon cooling to ambient temperature. The reaction mixture

was placed under hydrogen pressure (50 psi, 3.4 x 105
Pa) overnight. The catalyst was

removed by filtration and washed with hot ethanol (500 mL) and boiling DMF. The

filtrate was concentrated under reduced pressure to yield 1 1.5 g of an off-white solid. A
small portion ofthe solid was recrystallized from 2-propanol to provide 4-amino-2-

ethoxymethyl-l-(2-methylpropyl)-177-imidazo[4
95-c]quinolin-7-ol as white crystals, mp >

265 °C.

!HNMR (300 MHz, DMSOd6) 5 9.50 (br s, 1H), 7.82 (d, J= 8.8 Hz, 1H), 6.95 (d, J= 2.5

Hz, 1H), 6.80 (dd, J= 8.9, 2.6 Hz, 1H), 6.44 (br s, 2H), 4.72 (s, 2H), 4.36 (d, J= 7.7 Hz,

2H), 3.55 (q, J= 7.0 Hz, 2H), 2.30-2.15 (m, 1H), 1.15 (t, J= 7.0 Hz, 3H), 0.91 (d, J=* 6.6

Hz, 6H);
13CNMR (75 MHz, DMSO-d6) 6 156.3, 152.0, 148.0, 147.1, 133.6, 124.6, 121.5,

111.8, 109.7, 107.9, 65.1, 64.5, 51.6, 28.4, 19.2, 14.8;

MS (APCI) mlz 315 (M+H)+
;

Anal Calcd. for C17H22N402 : %C, 64.95; %H, 7.05; %N, 17.82. Found: %C, 64.73; %H,

6.99; %N, 17.62.
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Examples 7-20

A warm solution of 4-amino-l-(2-methylpropyl)-2-propyl-l/Z-imidazo[4
:>

5--

c]quinolin-7-ol (1 g5 3 mmol), prepared as described in Example 5, in DMF (25-50 mL)

was cooled to approximately 0 °C. Solid cesium carbonate (2 equivalents) was added, and

the reaction became pale yellow in color. The benzyl halide (1.1 equivalents) indicated in

the table below was slowly added, and the reaction was allowed to warm to room

temperature and was stirred overnight or until it was judged to be complete by a high-

performance liquid chromatography (HPLC) analysis. The reaction was poured into

deionized water (500-750 mL) and stirred for several minutes. A precipitate formed and

was isolated by filtration. For each example, the purification and characterization of the

product is described below the table.

NH2

Example Benzyl Halide R

7 3-Methylbenzyl bromide

8 4-Chlorobenzyl bromide

9 4-Methylbenzyl bromide

10 3,4-Dichlorobenzyl bromide

CI

11 3-Chlorobenzyl bromide

CI
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1 1 ^-iNiirouenzyL Dromicie

O

13 4-(ter/-Butyl)benzyl bromide

14 4-Fluorobenzyl bromide
/=\

15 4-(Trifluoromethyl)benzyl bromide

16 3-Nitrobenzyl bromide

cT

N=0

17 2-Methylbenzyl bromide

18 2-Chlorobenzyl bromide

19 2-Methoxybenzyl chloride

—

O

-Q
20 4~Methoxybenzyl chloride

Example 7

7~(3-Methylbenzyloxy)-l-(2-methy^^

The product was recrystallized from acetonitrile, isolated by filtration, and washed

5 with a small volume of acetonitrile to provide 750 mg of 7-(3-methylbenzyloxy)-l-(2-

methylpropyl)-2-propyl-li/-imidazo[4
:>
5-c]quinolin-4-amme as a white solid, mp 200-203

°C.
aH NMR (300 MHz, DMSOd6) 5 7.87 (d, J= 9.1 Hz, 1H), 7.29-7.27 (m, 3H), 7.15-

7.13 (m, 2H), 6.98 (dd, J= 9.0; 2.7 Hz, 1H), 6.43 (br s, 2H), 5.16 (s, 2H), 4.28 (d, J= 7.5

-69-



WO 2005/020999 PCT/US2004/028021

Hz, 2H), 2.86 (t, J= 7.4 Hz, 2H), 2.32 (s, 3H), 2.21-2.07 (m, 1H), 1.89-1.77 (m, 2H), 1.02

(t, J= 7.4 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);

MS (APCI) miz 403 (M+H)
+

;

Anal. Calcd. for Q25H30N4O: %C, 74.60; %H, 7.51; %N, 13.92. Found: %C, 74.32; %H,

5 7.54; %N, 13.97.

Example 8

7-(4-Chlorobenzyloxy)-l-(2-methylpropyl)-2-propyl-l/y-imidazo[4,5-c]quinolin-4-amine

The product was purified by column chromatography on silica gel (eluting with

98:2 chloroform:methanol), triturated with hot acetonitrile, isolated by filtration, washed

10 with a small volume of acetonitrile, and dried for two hours in a vacuum oven at 65 °C to

provide 1.16 g of 7-(4-chlorobenzyloxy)-l-(2-methylpropyl)-2-propyl-li/-imidazo[4,5-

c]quinolin-4-amine as bright white crystals, mp 215-217 °C.

*HNMR (300 MHz, DMSO-d6) 8 7.89 (d, J= 9.0 Hz, 1H), 7.49 (d, J= 8.5 Hz, 2H), 7.42

(d, J= 8.4 Hz, 2H), 7.16 (s, 1H), 6.99 (dd, J= 8.9; 2.6 Hz, 1H), 6.10 (br s, 2H), 5.19 (s,

15 2H), 4.27 (d, 7.5 Hz, 2H), 2.85 (t, 7.2 Hz, 2H), 2.18 (septet, J= 6.7 Hz, 1H), 1.92-

1.82 (m, 2H), 1.03 (t, J= 7.4 Hz, 3H), 0.92 (d, J= 6.7 Hz, 6H);

13C NMR (125 MHz, DMSO-dg) 8 157.7, 153.6, 152.8, 147.3, 137.4, 133.8, 133.2, 130.0,

129.2, 126.3, 122.0, 112.7, 110.6, 110.4, 69.6, 52.3, 29.6, 29.5, 21.5, 20.0, 14.5;

MS (APCI) miz 423 (M+H)+ ;

20 Anal. Calcd. for C24H27C1N40: %C, 68.15; %H, 6.43; %N, 13.25. Found: %C, 67.84;

%H, 6.39; %N, 13.14.

Example 9

7-(4-Methylbenzyloxy)-l-(2-memylpropyl)-2-propyl-liy-imidazo[4,5-c]quinolin-4-amine

25 The product was purified by column chromatography on silica gel (eluting

sequentially with 99:1 and 98:2 chloroform:methanol), recrystallized from acetonitrile (36

mL/g), isolated by filtration, washed with a small volume of acetonitrile, and finally dried

for two days in a vacuum oven at 65 °C to provide 1.12 g of 7-(4-methylbenzyloxy)-l-(2-

methylpropyl)-2-propyl-li^-iniidazo[4,5-c]quinolin-4-ainhie as bright white crystals, mp

30 205-207 °C.
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*H NMR (300 MHz, DMSO-d6) 5 7.85 (d, J= 9.0 Hz, 1H), 7.36 (d, /= 8.0 Hz, 2H), 7.20

(d, J= 7.8 Hz, 2H), 7.10 (d, J= 2.6 Hz, 1H), 6.96 (dd, J= 9.0, 2.7 Hz, 1H), 6.39 (Jar s,

2H), 5.15 (s, 2H), 4.28 (d, /= 7.2 Hz, 2H), 2.85 (t, J= 7.4 Hz, 2H), 2.30 (s, 3H), 2.14

(septet, J= 6.8 Hz, 1H), 1.87-1.77 (m, 2H), 1.01 (t,J= 7.3 Hz, 3H), 0.91 (d, J= 6.8 Hz,

5 6H);

13C NMR (75 MHz, DMSO-dg) 8 157.2, 153.0, 152.3, 146.8, 137.3, 134.6, 133.1, 129.3,

128.0, 125.5, 121.6, 112.1, 109.5, 109.0, 69.3, 51.6, 29.1, 28.9, 21.3, 21.1, 19.5, 14.2;

MS (APCI) m/z 403 (M+H)+ ;

Anal. Calcd. for C25H30N4O: %C, 74.60; %H, 7.51; %N, 13.92. Found: %C, 74.57; %H,

10 7.42; %N, 13.89.

Example 10

7-(3,4-Dichlorobenzyloxy)-l-(2-methylpropyl)-2-propyl-l//'-imidazo[4,5-c]quinolin-4-

amine

1 5 The product was purified by column chromatography on silica gel (eluting with

chloroformrmethanol ranging in ratios from 99.5:0.5 to 98:2), recrystallized from 2-

propanol, isolated by filtration, and dried overnight in a vacuum oven at 60 °C to provide

1 . 1 1 g of7-(3,4-dichlorobenzyloxy)-l -(2-methylpropyl)-2-propyl-lif-imidazo[4,5-

c]quinolin-4-amine as a white solid, mp 183-184 °C.

20 *H NMR (300 MHz, DMSO-d6) 5 7.89 (d, J= 9.0 Hz, 1H), 7.76 (d, J= 1 .9 Hz, 1H), 7.67

(d, J= 8.3 Hz, 1H), 7.49 (dd, 8.3, 2.0 Hz, 1H), 7.11 (d, J= 2.7 Hz, 1H), 6.99 (dd, J=

9.0; 2.7 Hz, 1H), 6.42 (br s, 2H), 5.23 (s, 2H), 4.29 (d, J= 7.3 Hz, 2H), 2.86 (t, J= 7.3 Hz,

2H), 2.22-2.07 (m, 1H), 1.89-1.79 (m, 2H), 1.01 (t, J= 7.4 Hz, 3H), 0.91 (d, J= 6.6 Hz,

6H);

25 13C NMR (75 MHz, DMSO-d6) 5 156.7, 153.0, 152.4, 146.7, 139.0, 133.1, 131.4, 131.0,

130.5, 129.6, 128.0, 125.6, 121.7, 112.0, 109.7, 109.1, 67.8, 51.5, 29.1, 28.9, 21.2, 19.5,

14.1; MS (APCI) mix 458 (M+H)
+

;

Anal. Calcd. for C24H26C12N40: %C, 63.02; %H, 5.73; %N, 12.25. Found: %C, 62.77;

%H, 5.71; %N, 12.17.

30
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Example 1

1

7-(3-Chlorobenzyloxy)-l-(2-methylpropyl)^

The product was purified as described in Example 10 to provide 1.00 g of 7-(3-

cMorobenzyloxy)-H2-methylpropyl)-2^

white crystals, mp 182-183 °C.

!HNMR (300 MHz, DMSO-d6) 5 7.88 (d, J= 9.0 Hz, 1H), 7.55 (s, 1H), 7.47-7.39 (m,

3H), 7.12 (d, J= 2.6 Hz, 1H), 6.99 (dd, J= 9.0, 2.7 Hz, 1H), 6.42 (br s, 2H), 5.23 (s, 2H),

4.29 (d, J= 7.4 Hz, 2H), 2.86 (t, J= 7.6 Hz, 2H), 2.14 (septet, J= 6.5 Hz, 1H), 1.89-1.79

(m, 2H), 1.01 (t, J= 7.4 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);

13CNMR (75 MHz, DMSO-d6) 5 156.9, 153.0, 152.4, 146.8, 140.3, 133.4, 133.1, 130.7,

128.0, 127.4, 126.3, 125.5, 121.6, 112.0, 109.7, 109.1, 68.5, 51.5, 29.1, 28.9, 21.2, 19.5,

14.1; MS (APCI) m/z 423 (M+H)
+

;

Anal. Calcd. for C24H27C1N40: %C, 68.15; %H, 6.43; %N, 13.25. Found: %C, 67.89;

%H, 6.43; %N, 13.08.

Example 12

l-(2-Methylpropyl)-7-(4-mtroberizyloxy)-2-propyl-li?-imidazo[4,5-c]quinolin-4-amine

The general procedure described for Examples 7-20 was followed with the

exception that after the reaction was stirred overnight, it was cooled and additional 4-

nitrobenzyl bromide and cesium carbonate were added. The reaction was stirred for four

hours and poured into deionized water (-450 mL) to form a brown, milky precipitate. The

precipitate was isolated by filtration; an analysis byHPLC indicated that the filtrate

contained starting material. The product was purified as described in Example 10 and then

dried a second time for 1 .5 days in a vacuum oven at 70 °C to provide 320 mg of l-(2-

methylpropyl)-7-(4-nitrobenzyloxy)-2-propyl-li/-imidazo[4,5-c]quinolin-4-amineasa

bright yellow solid.

JHNMR (300 MHz, DMSO-d6) 8 8.28 (d, J= 8.8 Hz, 2H), 7.90 (d, J= 9.0 Hz, 1H), 7.76

(d, J= 8.7 Hz, 2H), 7.12 (d, J= 2.6 Hz, 1H), 7.01 (dd, J= 9.0, 2.7 Hz, 1H), 6.42 (br s,

2H), 5.39 (s, 2H), 4.29 (d, J= 7.4 Hz, 2H), 2.86 (t, /= 7.6 Hz, 2H), 2.21-2.07 (m, 1H),

1.89-1.79 (m, 2H), 1.01 (t, J= 7.3 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);
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1JC NMR (75 MHz, DMSO-d6) 5 156.2, 152.6, 151.9, 146.8, 146.2, 145.2, 132.6, 127.9,

125.1, 123.5, 121.2, 111.5, 109.3, 108.6, 67.8, 51.1, 28.6, 28.4, 20.8, 19.0, 13.7;

MS (APCI) m/z 434 (M+H)
+

;

Anal. Calcd. for C24H27N5O3: %C, 66.50; %H, 6.28; %N, 16.15. Found: %C, 66.48; %H,

6.34; %N, 15.91.

Example 13

7-[4-(tert-Butyl)benzyloxy] - 1 -(2-methylpropyl)-2-propyl-lff-imidazo[4,5-c]quinolin-4-

amine

The product was purified as described in Example 10 to provide 820 mg of 7-[4-

(fert-butyl)benzyloxy]-l -(2-methylpropyl)-2-propyl- l#-imidazo[4,5-c]quinolin-4-amine as

a white solid, mp 203.5-205.0 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.87 (d, J= 9.1 Hz, 1H), 7.42-7.39 (m, 4H), 7.13 (d, J=
2.7 Hz, 1H), 6.97 (dd,J= 9.0, 2.7 Hz, 1H), 6.44 (br s, 2H), 5.16 (s, 2H), 4.28 (d, J= 7.3

Hz, 2H), 2.86 (t, J= 7.3 Hz, 2H), 2.22-2.07 (m, 1H), 1.89-1.79 (m, 2H), 1.28 (s, 9H), 1.01

(t, /== 7.3 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);

13CNMR(75 MHz,DMSO-d6) 8 156.7, 152.4, 151.8, 150.0, 146.2, 134.1, 132.6, 127.3,

125.06, 125.04, 121.1, 111.6, 109.0, 108.4, 68.7, 51.1, 34.1, 31.0, 28.6, 28.4, 20.7, 19.0,

13.7; MS (APCI) m/z 445 (M+H)+
;

Anal. Calcd. for C28H36N4O: %C, 75.64; %H, 8.16; %N, 12.60. Found: %C, 75.37; %H,

8.36; %N, 12.56.

Example 14

7-(4-Fluorobenzyloxy)-l-(2-methylpropyl)-2-propyl-li7-imidazo[4,5-c]quinolin-4-amine

The product was purified as described in Example 10 to provide 900 mg of 7-(4-

fluorobenzyloxy)-l-(2-memylpropyl)-2-propyl-lH-imidazo[4,5-c]quinolin-4-amineas

white, flaky crystals, mp 198.0-199.7 °C.

*H NMR (300 MHz, DMSO-d6) 8 7.88 (d, J= 9.1 Hz, 1H), 7.56-7.52 (m, 2H), 7.26-7.20

(m, 2H), 7.14 (d, J= 2.7 Hz, 1H), 6.98 (dd, J= 9.0; 2.7 Hz, 1H), 6.43 (br s, 2H), 5.19 (s,

2H), 4.28 (d, J= 7.4 Hz, 2H), 2.86 (t, J= 7.4 Hz, 2H), 2.14 (septet, /= 6.8 Hz, 1H), 1.89-

1.79 (m, 2H), 1 .02 (t, J= 7.4 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);
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MS (APCI) m/z 407 (M+H)
+

;

Anal. Calcd. for C24H27FN4O: %C, 70.91; %H, 6.69; %N, 13.78. Found: %C, 70.66;

%H, 6.72; %N, 13.79.

Example 15

l-(2-Methylpropyl)-2-propyl-7-[4-(to^

4-amine

The product was purified as described in Example 10 to provide 1.14 g of l-(2-

methylpropyl)-2-propyl-7-[4-(triflm-omethyl)benzyloxy]-lif-imidazo[4,5-c]quinolin-4-

amine as white, flaky crystals, mp 191.8-193.5 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.89 (d, J= 9.0 Hz, 1H), 7.78 (d, J= 8.5 Hz, 2H), 7.71

(d, J= 8.4 Hz, 2H), 7.13 (d, J= 2.7 Hz, 1H), 7.01 (dd, .7= 9.0, 2.7 Hz, 1H), 6.46 (br s,

2H), 5.34 (s, 2H), 4.29 (d, J= 7.2 Hz, 2H), 2.86 (t, J= 7.2 Hz, 2H), 2.14 (septet, J= 6.8

Hz, 1H), 1.89-1.79 (m, 2H), 1.02 (t, J= 7.4 Hz, 3H), 0.91 (d, J= 6.5 Hz, 6H);

MS (APCI) m/z 457 (M+H)+ ;

Anal. Calcd. for C25H27F3N4O: %C, 65.78; %H, 5.96; %N, 12.27. Found: %C, 65.76;

%H,5.94;%N, 12.18.

Example 16

l-(2-Methylpropyl)-7-(3-nitrobenzyloxy)-2-propyl-liJ-inudazo[4,5-c]quinolin-4-amine

The product was purified as described in Example 10 to provide 1.15 mg of l-(2-

memylpropyl)-7-(3-mtrobenzyloxy)-2-propyl-m-imidazo[4,5-c]quinolin-4-amineas a

bright yellow solid, mp 175-176 °C.

*H NMR (300 MHz, DMSO-d6) 8 8.35 (dd, J= 1.9, 1.9 Hz, 1H), 8.22-8.17 (m, 1H), 7.98-

7.94 (m, 1H), 7.90 (d, J= 9.1 Hz, 1H), 7.72 (t, /= 8.0 Hz, 1H), 7.16 (d, J= 2.7 Hz, 1H),

7.03 (dd, J= 9.0, 2.7 Hz, 1H), 6.50 (br s, 2H), 5.38 (s, 2H), 4.29 (d, /= 7.4 Hz, 2H), 2.86

(t, J= 7.7 Hz, 2H), 2.14 (septet, J= 6.7 Hz, 1H), 1.89-1.79 (m, 2H), 1.02 (t, J= 7.4 Hz,

3H), 0.91 (d, J= 6.6 Hz, 6H);

13C NMR (75 MHz, DMSO-d6) 8 156.3, 152.6, 151.8, 147.7, 146.0, 139.6, 133.8, 132.6,

129.9, 125.0, 122.5, 121.7, 121.3, 111.6, 109.2, 108.4, 67.7, 51.1, 28.6, 28.4, 20.7, 19.0,

13.7; MS (APCI) m/z 434 (M+H)+;
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Anal. Calcd. for C24H27N5O3: %C, 66.50; %H, 6.28; %N, 16.15. Found: %C, 66.23; %H,

6.38; %N, 16.03.

Example 17

7-(2-Memylbenzyloxy)-l-(2-methylpropyO^^

The product was purified by column chromatography on silica gel (eluting with

chloroform-.methanol ranging in ratios from 99.5:0.5 to 98:2), triturated with hot 2-

propanol, isolated by filtration, and dried overnight in a vacuum oven at 60 °C to provide

980 mg of 7-(2-methylbenzyloxy)-l -(2-methylpropyl)-2-propyl-l//-imidazo[4,5-

c]quinolin-4-amine as a white powder, mp 227.5-228.5 °C.

!HNMR (300 MHz, DMSO-d6) 5 7.89 (d, J= 9.0 Hz, 1H), 7.43 (d, J— 6.3 Hz, 1H), 7.23-

7.17 (m, 4H), 6.99 (dd, J= 9.0, 2.7 Hz, 1H), 6.04 (br s, 2H), 5.18 (s, 2H), 4.28 (d, /= 7.5

Hz, 2H), 2.85 (t, J= 7.5 Hz, 2H), 2.37 (s, 3H), 2.19 (septet, ./= 6.8 Hz, 1H), 1.92-1.82 (m,

2H), 1.03 (t, J= 7.4 Hz, 3H), 0.93 (d, J= 6.7 Hz, 6H);

13C NMR (75 MHz, DMSO-d6) § 156.6, 152.1, 151.3, 146.0, 135.8, 134.7, 132.4, 129.5,

127.8, 127.2, 125.1, 124.9, 120.5, 111.2, 109.1, 108.9, 67.7, 50.9, 28.2, 28.1, 20.1, 18.6,

17.7, 13.0;

MS (APCI) m/z 403 (M+H)+ ;

Anal. Calcd. for C25H30N4O: %C, 74.60; %H, 7.51; %N, 13.92. Found: %C, 74.42; %H,

7.81; %N, 13.99.

Example 18

7-(2-Chlorobenzyloxy)-l-(2-methyipropyl)-2-propyl-l//-imidazo[4,5-c]quiriolm-4-amine

The product was purified as described in Example 10 to provide 1.16 g of 7-(2-

chlorobenzyloxy)-l-(2-methylpropyl)-2-propyl-liy-imidazo[4,5-c]quinolin-4-amine as a

white powder, mp 216.0-217.5 °C.

lHNMR (300 MHz, DMSO-d6) 5 7.90 (d, J= 9.1 Hz, 1H), 7.63-7.57 (m, 1H), 7.52-7.45

(m, 1H), 7.39-7.33 (m, 2H), 7.17 (d, J= 2.6 Hz, 1H), 7.00 (dd,J= 9.0, 2.8 Hz, 1H), 6.06

(br s, 2H), 5.26 (s, 2H), 4.28 (d, J= 7.5 Hz, 2H), 2.85 (t, J= 7.5 Hz, 2H), 2.26-2.12 (m,

1H), 1.93-1.80 (m, 2H), 1.03 (t, J= 7.3 Hz, 3H), 0.93 (d, J= 6.7 Hz, 6H);
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13C NMR (75 MHz, DMSO-d6) 5 156.3, 152.2, 146.0, 151.4, 134.1, 132.4, 131.9, 129.2,

129.0, 128.7, 126.6, 120.6, 124.9, 111.1, 108.9, 109.3, 66.5, 50.9, 28.2, 28.1,20.1, 18.6,

13.0; MS (APCI) m/z 423 (M+H)+
;

Anal. Calcd. for C24H27CIN4O: %C, 68.15; %H, 6.43; %N, 13.25. Found: %C, 68.14;

5 %H, 6.42; %N, 13.13.

Example 19

7-(2-Methoxybenzyloxy)-l-(2-methylpropyl)-2-propyl-lH-imidazo[4,5-c]quinolin-4-

amine

10 The general procedure for Examples 7-20 was followed with the following

modification. After the dropwise addition of2-methoxybenzyl chloride (578 mg, 3.69

mrnol), tetrabutylammonium bromide (110 mg, 0.34 mmol) was added. The reaction was

stirred overnight. The product was purified by column chromatography on silica gel

(eluting sequentially with 99:1 and 98:2 chloroform:methanol), recrystallized from 2-

15 propanol (28 mL/g), isolated by filtration, and dried for two days in a vacuum oven at 65

°C to provide 950 mg of 7-(2-methoxybenzyloxy)-l -(2-methylpropyl)-2-propyl- 1//-

imidazo[4,5-c]quinolm-4-amine as white crystals, mp 205.0-206.0 °C.

JHNMR (300 MHz, DMSO-d6) 8 7.88 (d, J= 9.0 Hz, 1H), 7.41-7.30 (m, 2H), 7.15-7.13

(m, 1H), 7.05 (d, J= 8.3 Hz, 1H), 6.99-6.93 (m, 2H), 6.04 (br s, 2H), 5.16 (s, 2H), 4.28 (d,

20 J= 7.6 Hz, 2H), 3.85 (s, 3H), 2.85 (t, J= 7A Hz, 2H), 2.19 (septet, J= 6.5 Hz, 1H), 1.92-

1.82 (m, 2H), 1.03 (t, J= 7.4 Hz, 3H), 0.92 (d, J= 6.7 Hz, 6H);

13CNMR(75MHz,DMSO-d6)8 156.7, 156.5, 152.1, 151.3, 146.1, 132.4, 128.5, 128.2,

124.88, 124.86, 120.5, 119.8, 111.3, 110.8, 109.0, 108.8, 64.3, 55.2, 50.9, 28.2, 28.1, 20.1,

18.6, 13.1;

25 MS (APCI) m/z 419 (M+H)+;

Anal. Calcd. for C25H30N4O2: %C, 71.74; %H, 7.22; %N, 13.39. Found: %C, 71.80; %H,

7.25; %N, 13.36.
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Example 20

7-(4-Methoxybenzyloxy)- 1 -(2-methylpropyl)-2-propyl-177-imidazo[4,5-c]quinolin-4-

amine

The modification described in Example 19 was followed with 4-methoxybenzyl

chloride (551 mg, 3.52 mmol) used in lieu of 2-methoxybenzyl bromide. The reaction was

stirred for six hours, and a small additional amount of 4-methoxybenzyl bromide was

added. Following the purification, 750 mg of 7-(4-methoxybenzyloxy)- 1 -(2-

methylpropyl)-2-propyl-li/-imidazo[495-c]quinolin-4-amine were obtained as a white

powder, mp 186.5-188.0 °C.

*H NMR (300 MHz, DMSO-d6) 5 7.86 (d, J= 9.1 Hz, 1H), 7.41 (d, J= 8.5 Hz, 2H), 7.13

(d, J= 2.6 Hz, 1H), 6.97-6.93 (m, 3H), 6.40 (br s, 2H), 5.11 (s, 2H), 4.28 (d
? J- 7.4 Hz,

2H), 3.76 (s, 3H), 2.86 (t, J= 7.6 Hz, 2H), 2.21-2.07 (m, 1H), 1.89-1.79 (m, 2H), 1.01 (t, J

= 7.6 Hz, 3H), 0.91 (d, 6.6 Hz, 6H);

13C NMR (75 MHz, DMSO-d6) 6 158.8, 156.7, 152.4, 151.8, 146.3, 132.6, 129.2, 129.0,

125.0, 121.0, 113.7, 111.7, 109.0, 108.5, 68.7, 54.9, 51.1, 28.6, 28.4, 20.8, 19.0, 13.7;

MS (APCI) m/z 419 (M-HH)
+

;

Anal. Calcd. for C25H30N4O2: %C, 71.74; %H, 7.22; %N, 13.39. Found: %C, 71.66; %H,

7.17; %N, 13.32.

Example 21

7-(3-Aminobenzyloxy)~ 1 -(2-methylpropyl)-2-propyl- 1#-imidazo[4 ?
5-c]quinolin-4-amine

NH0

l-(2-Methylpropyl)-7-(3-nitrobenzy^

amine (700 mg, 1.6 mmol), prepared as described in Example 16, was mixed with

acetonitrile (35 mL), and catalytic 5% platinum on carbon was added. The reaction was

placed under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) for three hours. The reaction

NH
2
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mixture was filtered through a layer ofCELITE filter aid, and the filter cake was washed

with hot methanol. The filtrate was concentrated under reduced pressure to yield 600 mg

of a solid. The solid was purified by column chromatography on silica gel (eluting with

chloroformrmethanol ranging in ratios from 99,5:0.5 to 98:2), recrystallized from 75:25

5 acetonitrile:2-propanol, isolated by filtration, and dried in a vacuum oven to provide 270

mg of 7-(3-aminobenzyloxy)-l-(2-methylpro^

amine as off-white crystals, mp 228.0-230.0 °C.

lU NMR (300 MHz, CDC13) 8 7.78 (d, 9.0 Hz, 1H), 7.33 (d, J= 2.6 Hz, 1H), 7.19-7.14

(m, 1H), 7.03 (dd, J= 9.0; 2.7 Hz, 1H), 6.87-6.83 (m, 2H), 6.66-6.62 (m, 1H), 5.43 (br s,

10 2H), 5.09 (s, 2H), 4.2 (d, J= 7.5 Hz, 2H), 3.73 (br s, 2H), 2.86 (t, J= 8.3 Hz, 2H), 2.34

(septet, J= 6.7 Hz, 1H), 1.97-1.87 (m, 2H), 1.08 (t, J= 7.4 Hz, 3H), 1.00 (d, J= 6.7 Hz,

6H);

13C NMR (75 MHz, CDC13) 6 157.8, 153.0, 151.4, 146.6, 146.4, 138.1, 133.8, 129.5,

125.5, 120.7, 117.6, 114.6, 114.1, 113.5, 109.8, 108.7, 70.0, 52.4, 29.6, 29.0, 21.4, 19.7,

15 14.0;

MS (APCI) m/z 404 (M+H)
+

;

Anal. Calcd. for C24H29N50: %C, 71.44; %H, 7.24; %N, 17.36. Found: %C, 71.67; %H,

7.08; %N, 17.22.

20 Examples 22-32

The general method described for Examples 7-20 was followed with the following

modifications. A warm solution of 4-amino-2-ethoxymethyl-l-(2-methylpropyl)-ljy-

imidazo[4,5-c]quinolin-7-ol (1 g, 3 mmol), prepared as described in Example 6, inDMF

(50 mL) was allowed to cool to room temperature before the addition ofcesium carbonate

25 (2 equivalents). A halide (1.1 equivalents) selected from the table below was used. The

purification methods described in Example 10 were used unless otherwise indicated below

the table. For each example, the characterization data for the product is included below

the table.
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NH2

R O \

Example Halide R

22 4-Methylbenzyl bromide

23 3-Methylbenzyl bromide

24 4-(Trifluoromethyl)benzyl bromide

25 3-Methoxybenzyl bromide o—

-rS

26 3-(Trifluoromethyl)benzyl bromide

27 3-Nitrobenzyl bromide
°;

+

N=0

28 3,5-Dimethoxybenzyl bromide o—

o—
29 1 -(3-Bromopropyl)pyrrole

30 2-Chlorobenzyl chloride
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31 4-Methoxybenzyl chloride

32 2-Methoxybenzyl chloride —

o

Example 22

2-Ethoxymethyl-7-(4-methylbenzyloxy)-- 1 -(2-methylpropyl)-

1Tf-imidazo [4,5-c]quinolin-4-amine

5 The general method described for Examples 22-32 was used with the following

modifications. After the addition of 4-methylbenzyl bromide (630 nig, 3.40 mmol), the

reaction was stirred for six hours. The reaction was incomplete as determined byHPLC

analysis, and a small additional amount of 4-methylbenzyl bromide was added. The

product was purified by column chromatography on silica gel (eluting with chloroform and

10 then chloroform:methanol in ratios ranging from 99:1 to 97:3), recrystallized from 2-

propanol, isolated by filtration, and dried for two days in a vacuum oven at 65 °C to

provide 1.06 g of 2-ethoxymethyl-7-(4-methylbenzyloxy)- 1 -(2-methylpropyl)- 1H-

imidazo[4,5-c]quinolin-4~amine as an off-white solid, mp 209.0-210.2 °C.

lHNMR (300 MHz, DMSO-d6) S 7.91 (d, J= 9.0 Hz, 1H), 7.37 (d, J= 8.0 Hz, 2H), 7.21

15 (d, J= 8.2 Hz, 2H), 7.12 (d, J- 2.6 Hz, 1H), 6.97 (dd, 8.9, 2.7 Hz, 1H), 6.57 (br s,

2H) 5 5.16 (s, 2H), 4.73 (s, 2H), 4.38 (d, J= 7.7 Hz, 2H), 3.55 (q, J= 7.0 Hz, 2H), 2.31 (s,

3H), 2.28-2.15 (m, 1H), 1.15 (t, .7=7.0 Hz, 3H), 0.91 (d, J= 6.6 Hz, 6H);

13CNMR(75MHz,DMSO-d6)5 157.6, 152.6, 148.9, 147.3, 137.3, 134.5, 133.8, 129.3,

128.0, 125.4, 122.0, 112.2, 109.3, 109.1, 69.3, 65.6, 64.6, 52.0, 28.9, 21.1, 19.6, 15.2;

20 MS (APCI) m/z 419 (M+H)+;

Anal. Calcd. for C25H30N4O2: %C, 71.74; %H, 7.22; %N, 13.39. Found: %C, 71.59; %H,

7.21; %N, 13.17.
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Example 23

2-Ethoxymethyl-7-(3-methylbenzyloxy)- 1 -(2-methylpropyl)-l/Z-imidazo[4,5-c]quinolin-4-

amine

The general method described for Examples 22-32 was followed using the

5 following modifications. 4-Amino-2-ethoxymethyl-l-(2-methylpropyl)-liy-imidazo[4,5-

c]quinolin-7-ol (310 mg, 0.97 mmol) was dissolved in DMF (15 mL) with heating but

precipitated from the solution as it cooled to room temperature. A solution of 3-

methylbenzyl bromide (197 mg, 1.07 mmol) in DMF (0.5 mL) was added followed by

solid cesium carbonate (643 mg, 1.97 mmol). iV-Methylpyrrolidone (1 mL) was added to

10 the reaction, and the reaction was stirred overnight. The crude product was purified by

column chromatography on silica gel (eluting with chloroform:methanol), triturated with

acetonitrile, and isolated by filtration to provide 175 mg of 2-ethoxymethyl-7-(3-

methylbenzyloxy)-l-(2-methylpropyl)-li/4midazo[4
?
5-c]quinolin-4-amine as a white

solid, mp 207.0-208.0 °C.

15 *H NMR (300 MHz, DMSO-d6) 5 7.92 (d, J= 9.0 Hz, 1H), 7.29-7.27 (m, 3H), 7.15-7.13

(m, 2H), 6.99 (dd, J= 9.0, 2.6 Hz, 1H), 6.61 (br s, 2H), 5.17 (s, 2H), 4.74 (s, 2H), 4.39 (d,

J= 7.5 Hz, 2H), 3.55 (q, J— 7.0 Hz, 2H), 2.32 (s, 3H), 2.28-2.16 (m, 1H), 1.15 (t, J= 7.0

Hz, 3H), 0.91 (d, 6.6 Hz, 6H);

13CNMR(75MHz, DMSO-d6) 5 157.1, 152.2, 148.4, 146.8, 137.4, 137.0, 133.3, 128.2,

20 128.2, 127.9, 124.9, 124.5, 121.5, 111.6, 108.8, 108.5, 69.0, 65.1, 64.1, 51.5, 28.4, 20.9,

19.1, 14.8;

MS (APCI) m/z 419 (M+H)+
;

Anal. Calcd. for C25H30N4O2: %C, 71.74; %H, 7.22; %N, 13.39. Found: %C, 71.41; %H,

7.43; %N, 13.27.

25

Example 24

2-Ethoxymethyl-l-(2-methylpropyl)-7-[4-(trifluoromethyl)benzyloxy]-

liy-imidazo[4,5-c]quinolin-4-amine

The product (1.07 g) was obtained as an off-white solid, mp 181.3-182.7 °C.

30 lHNMR (300 MHz, DMSO-d6) 5 7.83 (d, J= 9.1 Hz, 1H), 7.65 (d, 8.4 Hz, 2H), 7.59

(d, J= 8.2 Hz, 2H), 7.30 (d, J= 2.6 Hz, 1H), 7.06 (dd, J= 9.0, 2.7 Hz, 1H), 5.50 (br s,
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2H), 5.24 (s, 2H), 4.81 (s, 2H), 4.39 (d, J= 7.6 Hz, 2H), 3.60 (q, J= 7.0 Hz, 2H), 2.39

(septet, J= 6.8 Hz, 1H), 1.24 (t, J= 7.0 Hz, 3H), 1.01 (d, /= 6.7 Hz, 6H);

MS (APCI) m/z 473 (M+H)
+

;

Anal. Calcd. for C25H27F3N4O2: %C, 63.55; %H, 5.76; %N, 11.86. Found: %C, 63.43;

5 %H, 5.68; %N, 11.79.

Example 25

2-Ethoxymethyl-7-(3-methoxybenzyloxy)-l-(2-methylpropyl)-

li?-imidazo[4,5-c]quinolin-4-arnine

10 The product (710 mg) was obtained as an off-white solid, mp 144.0-145.0 °C.

*H NMR (300 MHz, DMSO-d6) 6 7.81 (d, J= 9.1 Hz, 1H), 7.34-7.26 (hi, 2H), 7.08-7.03

(m, 3H), 6.89-6.84 (m, 1H), 5.50 (br s, 2H), 5.16 (s, 2H), 4.80 (s, 2H), 4.38 (d, J= 7.6 Hz,

2H), 3.82 (s, 3H), 3.59 (q, J= 7.0 Hz, 2H), 2.39 (septet, J= 6.8 Hz, 1H), 1.24 (t, J= 7.0

Hz, 3H), 1.00 (d, 6.7 Hz, 6H);

15
13C NMR (75 MHz, DMSO-d6) 159.8, 158.1, 151.7, 148.7, 146.9, 138.4, 134.6, 129.5,

125.5, 121.2, 119.7, 113.6, 113.5, 112.9, 109.8, 108.8, 69.8, 66.1, 65.3, 55.2, 52.7, 28.9,

19.7, 15.0;

MS (APCI) m/z 435 (M+H)+ ;

Anal. Calcd. for C25H30N4O3: %C, 69.10; %H, 6.96; %N, 12.89. Found: %C, 69.26; %H,

20 6.82; %N, 12.93.

Example 26

2-Ethoxymethyl-l-(2-methylpropyl)-7-[3-(trifluoromethyl)benzyloxy]-lH-imidazo[4,5-

c]quinolin-4-amine

25 The product (990 mg) was obtained as an off-white solid, mp 1 5 1 .0-1 52.0 °C.

lH NMR (300 MHz, DMSO-d6) 8 7.83 (d, J= 9.1 Hz, 1H), 7.76 (s, 1H), 7.67-7.48 (m,

3H), 7.33 (d, J= 2.6 Hz, 1H), 7.07 (dd, J= 9.0, 2.7 Hz, 1H), 5.59 (br s, 2H), 5.22 (s, 2H),

4.81 (s, 2H), 4.39 (d, J— 7.6 Hz, 2H), 3.60 (q, J= 7.0 Hz, 2H), 2.39 (septet, J= 6.8 Hz,

1H), 1.24 (t, J= 7.0 Hz, 3H), 1.01 (d, J= 6.7 Hz, 6H);

30 MS (APCI) m/z 473 (M+H)+
;
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Anal. Calcd. for C2sH27F3N402 : %C, 63.55; %H, 5.76; %N, 11.86. Found: %C, 63.50;

%H, 5.69; %N, 11.74.

Example 27

5 2-Ethoxymemyl-l-(2-memylpropyl)-7-(3-nto^

amine

The general method described for Examples 22-32 was followed with the

following modification. The cesium carbonate was added before the solution of4-amino-

2-ethoxymethyl- 1 -(2-methylpropyl)-l£T-imidazo[4,5-c]quinolin-7-ol in DMF had cooled to

10 room temperature. The product, 2-ethoxymethyl-l-(2-methylpropyl)-7-(3-

nitrobenzyloxy)-lii'-imidazo[4,5-c]quinolin-4-amine (1.00 g), was obtained as a pale

yellow solid, mp 162.5-164.5 °C.

*HNMR (300 MHz, DMSO-d6) 6 8.35 (s, 1H), 8.18 (d, /= 8.2 Hz, 1H), 7.85-7.77 (m,

2H), 7.56 (t, J= 8.2 Hz, 1H), 7.30 (d, J= 2.6 Hz, 1H), 7.08 (dd, J= 9.0, 2.7 Hz, 1H), 5.63

15 (br s, 2H), 5.26 (s, 2H), 4.81 (s, 2H), 4.39 (d, J= 7.6 Hz, 2H), 3;60 (q, J= 7.0 Hz, 2H),

2.39 (septet, J= 6.7 Hz, 1H), 1.24 (t, J= 7.0 Hz, 3H), 1.01 (d, J— 6.7 Hz, 6H);

13CNMR(75 MHz, DMSO-dg) 5 157.4, 151.9, 148.9, 148.4, 146.9, 139.1, 134.5, 133.0,

129.4, 125.6, 122.8, 122.0, 121.4, 113.3, 110.1, 108.7, 68.4, 66.1, 65.2, 52.7, 28.9, 19.7,

14.9; MS (APCI) m/z 450 (M+H)+ ;

20 Anal. Calcd. for C24H27N5O4: %C, 64.13; %H, 6.05; %N, 15.58. Found: %C, 64.19; %H,

5.88; %N, 15.56.

Example 28

7-(3,5-Dimethoxybenzyloxy)-2-ethoxymethyl-l-(2-methylpropyl)-l//"-imidazo[4,5-

25 c]quinolin-4-amine

The reaction was carried out at halfthe scale ofthe general method described for

Examples 22-32. The product (370 mg) was obtained as an off-white solid, mp 130.0-

131.0 °C.

JHNMR (300 MHz, CDC13) 8 7.81 (d, /= 9.1 Hz, 1H), 7.33 (d, J= 2.6 Hz, 1H), 7.06 (dd,

30 J= 9.0, 2.7 Hz, 1H), 6.64 (d, J= 2.3 Hz, 2H), 6.42 (t, J= 2.3 Hz, 1H), 5.47 (br s, 2H),
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5.13 (s, 2H), 4.80 (s, 2H), 4.39 (d, J= 7.6 Hz, 2H), 3.80 (s, 6H), 3.59 (q, J= 7.0 Hz, 2H),

2.39 (septet, J= 6.8 Hz, 1H), 1.24 (t, J= 6.8 Hz, 3H), 1.01 (d, J= 6.7 Hz, 6H);

13CNMR(75 MHz, CDC13) 5 160.9, 158.1, 151.7, 148.8, 146.9, 139.2, 134.6, 125.5,

121.2, 113.6, 109.8, 108.9, 105.2, 99.9, 69.9, 66.1, 65.3, 55.3, 52.7, 28.9, 19.8, 15.0;

5 MS (APCI) m/z 465 (M+H)+;

Anal. Calcd. for C26H32N4O4: %C, 67.22; %H, 6.94; %N, 12.06. Found: %C, 67.17; %H,

7.27; %N, 11.91.

Example 29

1 0 2-Ethoxymethyl- 1-(2-methylpropyl)-7-[3-(pyrrol- 1 -yl)propoxy]-l#-imidazo[4,5-

c]quinolin-4-amine

The general method described for Examples 22-32 was followed with the

following modifications. The reaction mixture in deionized water was decanted from the

flask to leave the crude product, which was rinsed with water and allowed to dry.

1 5 Following chromatographic purification, the product was recrystallized from acetorhtrile.

After the product was dried, 730 mg of 2-ethoxymethyl-l-(2-methylpropyl)-7-[3-(pyrrol-l-

yl)propoxy]-li7-imidazo[4,5-c]quinolin-4-amine were obtained as an off-white solid, mp

160.0-162.0 °C.
lKNMR (300 MHz, DMSO-d6) 6 7.80 (d, J= 9.1 Hz, 1H), 7.22 (d, J=

2.6 Hz, 1H), 6.99 (dd, ./= 9.0, 2.6 Hz, 1H), 6.67 (t, J= 2.1 Hz, 2H), 6.13 (t, J= 2.1 Hz,

20 2H), 5.51 (br s, 2H), 4.80 (s, 2H), 4.39 (d, J= 7.6 Hz, 2H), 4.14 (t, J= 6.8 Hz, 2H), 4.03 (t,

J= 5.9 Hz, 2H), 3.59 (q, J= 7.0 Hz, 2H), 2.46-2.21 (m, 3H), 1.24 (t, J= 7.0 Hz, 3H), 1.01

(d, J- 6.7 Hz, 6H);

13C NMR (75 MHz,DMSO-d6) 8 158.0, 151.7, 148.7, 146.9, 134.6, 125.5, 121.2, 120.6,

1 13.2, 109.8, 108.5, 108.1, 66.1, 65.3, 64.3, 52.7, 46.0, 31.2, 28.9, 19.7, 15.0;

25 MS (APCI) m/z 422 (M+H)+ ;

Anal. Calcd. for C24H31N5O2: %C, 68.38; %H, 7.41; %N, 16.61. Found: %C, 68.35; %H,

7.35; %N, 16.66.
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Example 30

7-(2-Chlorobenzyloxy)-2-ethoxymethyl- 1 -(2-methylpropyl)- li7-imidazo[4,5-c]quinolin-4-

amine

The general method described for Examples 22-32 was followed with the

following modification. The cesium carbonate (1.55 g, 4.77 mmol) was added before the

solution of4-amino-2-ethoxymethyl-l -(2-methylpropyl)- li7-imidazo[4,5-c]quinolin-7-ol

(0.750 g, 2.39 mmol) in DMF (50 mL) had cooled to room temperature. The product, 7-

(2-chlorobenzyloxy)-2-ethoxymethyl- 1-(2-methylpropyl)- l/f-imidazo[4,5-c]quinolin-4-

amine (810 mg), was obtained as an off-white solid, mp 21 1.0-212.0 °C.

]H NMR (300 MHz, DMSO-d6) 6 7.83 (d, J= 9.1 Hz, 1H), 7.62-7.58 (m, 1H), 7.43-7.23

(m, 4H), 7.09 (dd, J= 9.0, 2.7 Hz, 1H), 5.45 (br s, 2H), 5.29 (s, 2H), 4.81 (s, 2H), 4.39 (d,

J= 7.6 Hz, 2H), 3.59 (q, J*= 7.0 Hz, 2H), 2.40 (septet, J= 6.8 Hz, 1H), 1.24 (t, J= 7.0 Hz,

3H), 1.01 (d, J= 6.7 Hz, 6H);

13C NMR (75 MHz, DMSO-d6) 8 157.9, 151.7, 148.8, 146.9, 134.6, 134.67, 132.63, 129.3,

128.8, 128.6, 126.8, 125.5, 121.2, 113.4, 110.0, 109.0, 67.2, 66.1, 65.3, 52.7, 28.9, 19.8,

15.0; MS (APCI) m/z 439 (M+H)+ ;

Anal. Calcd. for C24H27CIN4O2: %C, 65.67; %H, 6.20; %N, 12.76. Found: %C, 65.82;

%H, 6.38; %N, 12.69.

Example 31

2-Ethoxymethyl-7-(4-methoxybenzyloxy)- 1 -(2-methylpropyl)- l//-imidazo[4,5-c]quinolin-

4-amine

The modification described in Example 19 was followed using 4-methoxybenzyl

chloride (548 mg, 3.50 mmol) in lieu of2-methoxybenzyl chloride. The product (1.04 g)

was obtained as an off-white solid, mp 181.0-182.5 °C.

*HNMR (300 MHz, DMSO-d6) 8 7.80 (d, J=9.1 Hz, 1H), 7.41 (d, J= 8.7 Hz, 2H), 7.35

(d, J= 2.6 Hz, 1H), 7.03 (dd, J= 9.0, 2.6 Hz, 1H), 6.93 (d, J= 8.7 Hz, 2H), 5.57 (br s,

2H), 5.10 (s, 2H), 4.80 (s, 2H), 4.38 (d, J= 7.6 Hz, 2H), 3.81 (s, 3H), 3.59 (q, J= 7.0 Hz,

2H), 2.39 (septet, /== 6.8 Hz, 1H), 1.24 (t, J= 7.0 Hz, 3H), 1.00 (d, J= 6.7 Hz, 6H);

13C NMR (75 MHz, DMSOd6) 5 159.3, 158.1, 151.7, 148.6, 146.9, 134.6, 129.2, 128.8,

125.4, 121.1, 113.9, 113.6, 109.7, 108.7, 69.6, 66.0, 65.2, 55.2, 52.6, 28.8, 19.7, 14.9;
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MS (APCI) m/z 435 (M+H)+;

Anal. Calcd. for QwHaaN-tCb: %C, 69.10; %H, 6.96; %N, 12.89. Found: %C, 69.20; %H,

6.95; %N, 12.83.

5 Example 32

2-Ethoxymethyl-7-(2-methoxybe^

4-amine

The modification described in Example 19 was followed with the exception that

the reaction was allowed to stir over two nights. The purification methods described for

1 0 Example 1 0 were followed to provide 820 mg of 2-ethoxymethyl-7-(2-

methoxybenzyloxy)-l-(2-methylpropyl)-l/f-imidazo[4,5-c]quinolin-4-amine as an off-

white solid, mp 206.0-207.0 °C.
!H NMR (300 MHz, DMSO-d6) 8 7.81 (d, J= 9.1 Hz,

1H), 7.50 (dd, /= 7.5, 1.6 Hz, 1H), 7.38 (d, J= 2.6 Hz, 1H), 7.30 (dt, /== 8.1, 1.7 Hz, 1H),

7.08 (dd, /= 9.0, 2.7 Hz, 1H), 6.98 (dt, J= 7.5, 1.0 Hz, 1H), 6.92 (dd, J= 8.2, 0.6 Hz,

15 1H), 5.44 (br s, 2H), 5.25 (s, 2H), 4.80 (s, 2H), 4.38 (d, J= 7.6 Hz, 2H), 3.87 (s, 3H), 3.59

(q, J~ 7.0 Hz, 2H), 2.40 (septet, J= 6.8 Hz, 1H), 1.24 (t, J= 6.8 Hz, 3H), 1.00 (d, J= 6.7

Hz, 6H);

13C NMR (75 MHz, DMSO-d6) 5 158.4, 156.8, 151.6, 148.7, 146.9, 134.7, 128.8, 128.4,

125.4, 125.2, 121.1, 120.5, 113.7, 110.2, 109.7, 108.9, 66.1,65.3,65.2, 55.3, 52.7, 28.9,

20 19.7, 15.0;

MS (APCI) m/z 435 (M+H)+ ;

Anal. Calcd. for Q5H30N4O3: %C, 69.10; %H, 6.96; %N, 12.89. Found: %C, 69.14; %H,

7.26; %N, 12.82.
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Example 33

7-(3-Aminobenzyloxy)-2-ethoxymethyl- 1 -(2-methylpropyl)- l./7-imidazo [4,5-c]quinolin-4-

amine

NH2

5 2-EthoxymethyM -(2-methylpropyl)-7-(3-nitxobenzyloxy)- li7-imidazo[4,5- \

c]quinolin-4-amine (980 mg, 2.2 mmol), prepared as described in Example 27, was mixed

with acetonitrile (30 mL), and 5% platinum on carbon (—25 mg) was added. The reaction

was placed under hydrogen pressure (50 psi, 3.4 x 10
s
Pa) overnight. An analysis by

liquid chromatography/mass spectrometry (LC/MS) indicated the presence of starting

10 material; additional 5% platinum on carbon (—25 mg) was added. The reaction was placed

under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) for an additional three hours. An analysis

by LC/MS again indicated that the reaction was incomplete; methanol (100 mL) and 5%

platinum on carbon (200 mg) were added. The reaction was placed under hydrogen

pressure (50 psi, 3.4 x 10
5
Pa) overnight. The reaction mixture was filtered through a layer

15 ofCELITE filter aid, the filter cake washed with hot methanol, and the filtrate

concentrated under reduced pressure to yield a solid. The solid was purified by column

chromatography on silica gel (45 g, eluting with chloroformrmethanol ranging in ratios

from 99:1 to 95:5) to provide two products. The first product was recrystallized from 2-

propanol to provide 90 mg of 7-(3-aminobenzyloxy)-2-ethoxymethyl-l-(2~methylpropyl)-

20 l^Z-imidazo[4,5-c]quinolin-4-amine as off-white crystals, mp 228.0-230.0 °C.

*HNMR (300 MHz, DMSO-d6) 8 7.91 (d,J=9.1Hz, 1H)
5
7.10 (d, J= 2.7 Hz, 1H), 7.05-

6.95 (m, 2H), 6.67-6.48 (m, 5H)
5
5.1 1 (br s, 2H), 5.05 (s, 2H), 4.73 (s, 2H), 4.38 (d, J- 7.6

Hz, 2H), 3.55 (q, J= 7.0 Hz, 2H), 2.23 (septet, J= 6.7 Hz, 1H), 1.15 (t, J= 7.0 Hz, 3H),

0.91 (d,y= 6/7 Hz, 6H);
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13C NMR (75 MHz, DMSO-d6) 8 157.7, 152.6, 149.1, 148.8, 147.3, 138.2, 133.8, 129.2,

125.4, 122.0, 115.1, 113.6, 112.9, 112.1, 109.2, 109.0, 69.9, 65.6, 64.6, 52.0, 28.9, 19.6,

15.3; MS (APCI) m/z419 (M+H)
+

;

Anal. Calcd. for C24H29N5O2: %C, 68.71; %H, 6.97; %N, 16.69. Found: %C, 68.70; %H,

7.02; %N, 16.52.

Example 34

2-Ethoxymethyl-7-(3-ethylaminobenzyloxy^

c]quinolin-4-amine

The second product obtained from Example 33 after chromatographic purification

was isolated as a tan solid, mp 60.0-65.0 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.91 (d, J= 9.1 Hz, 1H), 7.1 1-7.05 (m, 2H), 6.98 (dd, J

= 9.0, 2.7 Hz, 1H), 6.65-6.60 (m, 4H), 6.49 (dd, J= 8.0, 1.3 Hz, 1H), 5.57 (t, J= 5.0 Hz,

1H), 5.08 (s, 2H), 4.73 (s, 2H), 4.39 (d, J= 7.6 Hz, 2H), 3.55 (q, J= 7.0 Hz, 2H), 3.07-

2.97 (m, 2H), 2.29-2.15 (m, 1H), 1.17-1.11 (m, 6H), 0.91 (d, J= 6.7 Hz, 6H);

13CNMR(75 MHz,DMSO-d6) 8 157.8, 152.5, 149.4, 148.9, 147.0, 138.1, 133.9, 129.3,

125.3, 122.0, 114.9, 112.2, 111.5, 111.2, 109.2, 108.9, 70.0, 65.6, 64.5, 52.0, 37.6, 28.9,

19.6, 15.3, 14.7;

MS (APCI) m/z 448 (M+H)+ .

7-Benzyloxy- l-(2-methylpropyl)-2-propyl-l JftT-imidazo[4,5-c]quinoline (60.3 g,

0.188 mol), prepared as described in Parts A-G ofExample 1, and 10% palladium on

carbon (10 g) were mixed with ethanol (500 mL). Ammonium formate (101.53 g, 1.61

Examples 35-40

Part A
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mol) and ethanol (500 mL) were then added, and the reaction mixture was heated at reflux

for two hours. The mixture was allowed to cool to ambient temperature slowly and stirred

overnight. The reaction mixture was filtered through a layer of CELITE filter aid, and the

filter cake was washed with ethanol (1 L) 7 methanol (2 L) and dichloromethane (2 L). The

5 combined filtrates were concentrated under reduced pressure to provide a tan solid, which

was triturated with cold ethanol and isolated by filtration to yield 30 g of l-(2-

methylpropyl)-2-propyHii/-imidazo[4
3
5-c]quinolin-7-ol as a tan, granular solid.

*HNMR (300MHz, DMSO-^) : 6 9,89 (s, 1H), 9.00 (s, 1H), 8.12 (d, J= 9.3 Hz, 1H),

7.41 (d, J= 2.5 Hz, 1H), 7.23 (dd, J= 9.3, 2.5 Hz, 1H), 4.36 (d, J= 7A Hz, 2H), 2.91 (t, J

10 = 7.5 Hz, 2H), 2.25-2.10 (m, 1H), 1.88 (sextet, /= 7.4 Hz, 2H), 1.03 (t, J= 7.5 Hz, 3H),

0.92(d,J=7.1Hz, 6H).

PartB

l-(2-Methylpropyl)-2-propyl-l//-imidazo[4
?
5-c]quinolin-7-ol (1 equivalent) and

cesium carbonate (1 .6 equivalents) were stirred in DMF. The fluorobenzene (1.6

1 5 equivalents) indicated in the table below was added in one portion, and the reaction was

heated at 65 °C for 16 hours. The solvent was removed under reduced pressure, and the

residue was partitioned between water and dichloromethane. The aqueous layer was

extracted with dichloromethane. The combined organic fractions were washed

sequentially with water (2 x) and brine, dried over magnesium sulfate, filtered, and

20 concentrated under reduced pressure to provide a black oil. The oil was purified by

column chromatography on silica gel (eluting with 50:50 ethyl acetateihexanes) to provide

a solid.

PartC

mCPBA (1 .2 equivalents) was added to a solution of the material from Part B in

25 chloroform. The reaction was stirred for one hour and then poured into saturated aqueous

sodium carbonate and stirred for 20 minutes. The aqueous layer was extracted with

chloroform. The combined organic solutions were washed sequentially with water and

brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure.

PartD

30 The residue from Part C was dissolved in dichloromethane. Ammonium hydroxide

was added, followed byjp-toluenesulfonyl chloride (1.5 equivalents). The reaction was
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stirred for 16 hours and then diluted with dichloromethane. The organic layer was washed

with aqueous ammonium hydroxide (100 mL). The combined aqueous fractions were

extracted with dichloromethane. The combined organic fractions were washed

sequentially with water and brine, dried over magnesium sulfate, filtered, and concentrated

5 under reduced pressure. For each example, the purification and characterization of the

product is described below the table.

NH2

^>
Example Fluorobenzene R

35 1-Fluoro-4-nitrobenzene

O

36 1-Fluoro-2-nitrobenzene o"
L

0=N

-fc>

37 1 -Fluoro-3-nitrobenzene
N-O

38 2-Fluorobenzonitrile N.

-b
39 4-Fluorobenzonitrile

40 Methyl 2-fluorobenzoate o—

Id
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Example 35

1-(2-Methylpropyl)-7- [4,5-c]quinolin-4-amine

Part B ofthe general methods described for Examples 35-40 was followed using

2.00 g of l-(2-methylpropyl)-2-propyl-li^imidazo[4,5-c]quinolin-7-ol to provide 2.33 g

of l-(2-methylpropyl)~7-(4-nitrophen^ as a

yellow solid. Parts C and D of the general methods described for Examples 35-40 were

replaced by the following procedure. mCPBA (0.853 g, 2.97 mmol) was added in one

portion to a solution of l-(2-methylpropyl)-7-(4-nitrophenoxy)-2-propyl-l//-imidazo[43
5-

c]quinoline (1.00 g, 2.47 mmol) in chloroform (17 mL), and the reaction was stirred for 30

minutes. Ammonium hydroxide (17 mL) was then added, followed by/?-toluenesulfonyl

chloride (0.710 g, 3.70 mmol). The reaction was stirred for 16 hours and then diluted with

dichloromethane. The aqueous layer was extracted with dichloromethane. The combined

organic solutions were washed sequentially with water and brine, dried over magnesium

sulfate, filtered, and concentrated under reduced pressure to provide a brown solid. The

solid was recrystallized from acetonitrile to provide 0.680 g of l-(2-methylpropyl)-7-(4-

nitrophenoxy)-2-propyl-li¥-imidazo[4,5-c]quinolin-4-amine as a reddish-brown,

crystalline solid, mp 209-21 1 °C.

lH NMR (300 MHz, DMSO~d6) : 5 8.29-8.24 (m, 2H), 8.07 (d, J= 9.2 Hz, 1H), 7.29 (d, J

= 3.3 Hz, 1H), 7.23-7.17 (m, 2H), 7.08 (dd, J— 9.0, 2.8 Hz, 1H), 6.63 (s, 2H), 4.35 (d, J=

7.4 Hz, 2H), 2.90 (t, J== 7.5 Hz, 2H), 2.24-2.10 (m, 1H), 1.86 (sextet, J= 7.5 Hz, 2H),

1.03 (t, J= 7.4 Hz, 3H), 0.94 (d, J~ 6.6 Hz, 6H).

MS (ESI) m/z 420.2042 (420.2036 calcd for C23H25N5O3, M+H).

Anal. Calcd. for C23H25N5O3: %C, 65.86; %H, 6.01; %N, 16.70. Found: %C, 65.47; %H,

5.79; %N, 17.00.

Example 36

l-(2-Methylpropyl)-7-(2-ni1xop

The crude product was purified by flash chromatography using a 35 g silica gel

cartridge (RediSep, ISCO, 230-400 mesh, 13.5 cm x 2.7 cm diameter) attached to a

gradient pump system, 254 nm UV detector and fraction collector (ISCO COMBIFLASH
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SglOOc system). The column was equilibrated with dichloromethane and the reaction

mixture was injected onto the column. The mixture was eluted at 35 mL/minute with a

linear gradient program consisting of 100% dichloromethane to 2 %
methanol/dichloromethane over five minutes, holding at 2% methanol/dichloromethane for

five minutes, and then eluting with 7% methanol/dichloromethane until no compound

could be detected. Fractions were examined by TLC and those containing the desired

compound were combined and concentrated. Following chromatographic purification, the

product was recrystallized from acetonitrile to provide 0.079 g of l-(2-methylpropyl)-7-(2-

nitrophenoxy)-2-propyl-li7-imidazo[4,5-c]quinolin-4-amine as yellow needles, mp 207-

208.5 °C.

*HNMR (300 MHz, DMSO-^) : 6 8.09 (dd, J= 8.1, 1.8 Hz, 1H), 8.01 (d, J= 9.4 Hz,

1H), 7.75-7.69 (m, 1H), 7.43-7.37 (m, 1H), 7.26 (dd, /= 8.0, 1.3 Hz, 1H), 7.08 (d, /= 2.4

Hz, 1H), 7.02 (dd, J= 8.9, 2.7 Hz, 1H), 6.56 (s, 2H), 4.32 (ad, J= 7.5 Hz, 2H), 2.89 (t, J=
7.5 Hz, 2H), 2.16 (septet, J= 6.9 Hz, 1H), 1.85 (sextet, J= 7.4 Hz, 2H), 1.02 (t, J= 7.2

Hz, 3H), 0.92 (d, J= 6.0 Hz, 6H).

13C NMR (75 MHz, DMSO-tf*) : 5 154.2, 153.3, 152.4, 149.0, 146.2, 141.4, 134.9, 132.3,

126.0, 125.5, 124.3, 122.1, 121.5, 113.5, 112.6, 111.7, 51.2, 28.7,28.5, 20.8, 19.1, 13.7.

MS (ESI) m/z 420.2028 (420.2036 calcd for C23H25N5O3, M+H).

Anal. Calcd. for C23H25N5O3: %C, 65.86; %H, 6.01; %N, 16.70. Found: %C, 65.74; %H,

5.83; %N, 16.78.

Example 37

l-(2-Methylpropyl)-7-(3-mfrophenoxy)-2-propyl-l^-imidazo[4,5-c]quinolin-4-amine

The crude product was recrystallized from acetonitrile to provide l-(2-

methylpropyl)-7-(3-nitrophenoxy)-2-propyl- lff-imidazo[4,5-c]quinolin-4-amine as a

yellow, crystalline solid, mp 198-200 °C.

]H NMR (300 MHz, DMSO-^) : o 8.05 (d, J= 8.9 Hz, 1H), 8.02-7.98 (m, 1H), 7.77 (t, J

= 2.2 Hz, 1H), 7.70 (t, J= 8.1 Hz, 1H), 7.58-7.54 (m, 1H), 7.23 (d, J= 2.5 Hz, 1H), 7.07

(dd, J= 9.1, 2.8 Hz, 1H), 6.60 (s, 2H), 4.34 (d, J= 7.5 Hz, 2H), 2.90 (t, J= 7.5 Hz, 2H),

2.17 (septet, J= 6.5 Hz, 1H), 1.86 (sextet, J= 7.4 Hz, 2H), 1.03 (t, J= 7.2 Hz, 3H), 0.93

(d, J= 6.9 Hz, 6H).
I3CNMR (75 MHz, DMSO-^) : 5 157.8, 153.5, 153.3, 152.4, 148.8,
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146.4, 132.4, 131.3, 126.1, 124.8, 122.3, 117.9, 115.1, 113.5, 112.2, 112.1, 51.2, 28.8,

28.6, 20.9, 19.1, 13.8.

MS (ESI) m/z 420.2052 (420.2036 calcd for C23H25N5O3, M+H).

Anal. Calcd. for C23H25N5O3: %C, 65.86; %H, 6.01; %N, 16.70. Found: %C, 65.61; %H,

5.91; %N, 16.60.

Example 38

2-[4-Amino- 1 -(2-methylpropyl)^^

The crude product was recrystallized from ethanol to yield 2-[4-amino-l-(2-

methylpropyl)-2-propyl-l/f-imidazo[4,5-c]quinolin-7-yloxy]benzonitrile as tan crystals,

mp 230-232 °C.

lRNMR (300 MHz, DMSO-^) : 8 8.04 (d, /= 9.4 Hz, 1H), 7.93 (dd, J= 7.8, 1.6 Hz,

1H), 7.72-7.65 (m, 1H), 7.32 (at, J= 7.5 Hz, 1H), 7.19 (d, /= 2.6 Hz, 1H), 7.10-7.05 (m,

2H), 6.61 (s, 2H), 4.34 (ad, J= 7.4 Hz, 2H), 2.89 (t, J= 7.5 Hz, 2H), 2.17 (septet, J= 6.7

Hz, 1H), 1.85 (sextet, J= 7.4 Hz, 2H), 1.03 (t, J= 7.2 Hz, 3H), 0.93 (d, J= 6.1 Hz, 6H).

13CNMR(125 MHz, DMSO-J6) : 8 158.7, 153.4, 153.3, 152.4, 146.3, 135.2, 134.1, 132.3,

126.1, 123.8, 122.2, 118.2, 115.9, 114.6, 113.2, 112.1, 103.1,51.2, 28.7,28.5,20.8, 19.1,

13.7.

MS (ESI) m/z 400.2143 (400.2137 calcd for C^sNjO, M+H).

Anal. Calcd. for C24H25N5O: %C, 72.16; %H, 6.31; %N, 17.53. Found: %C, 71.93; %H,

6.35; %N, 17.61.

Example 39

4-[4-Amino-l-(2-methylpropyl)-2-propyl-li/-imidazo[4,5-c]quinolin-7-yloxy]benzomtrile

The crude product was recrystallized from ethanol to provide 4-[4-amino-l-(2-

methylpropyl)-2-propyl-l Jftr-imidazo[4,5-c]quinolin-7-yloxy]benzonitrile as tan crystals,

mp 223-225 °C.

JH NMR (300 MHz, DMSO-^) : 8 8.05 (d, J= 9.1 Hz, 1H), 7.91-7.82 (m, 2H), 7.24 (d, /

= 2.5 Hz, 1H), 7.22-7.14 (m, 2H), 7.05 (dd, J= 93, 2.5 Hz, 1H), 6.61 (s, 2H), 4.34 (d, J=
7.5 Hz, 2H), 2.90 (t, /= 7.8 Hz, 2H), 2.17 (septet, J= 6.7 Hz, 1H), 1.86 (sextet, /= 7.5

Hz, 2H), 1.03 (t, J= 7.4 Hz, 3H), 0.93 (d, J= 6.2 Hz, 6H).
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13C NMR (125 MHz, DMSO-<4) : 5 161.1, 153.4, 152.7, 152.4, 146.3, 134.5, 132.3, 126.1,

122.2, 118.7, 118.2, 115.7, 113.8, 112.3, 105.0,51.2, 28.7, 28.5, 20.8, 19.1, 13.7.

MS (ESI) m/z 400.2138 (400.2137 calcd for C24H25N5O, M+H).

Anal. Calcd. for C24H25N50: %C, 72.16; %H, 6.31; %N, 17.53. Found: %C, 71.90; %H,

6.32; %N, 17.37.

Example 40

Methyl 2-[4-amino- 1 -(2-methylpropyl)-2-propyl-li7-imidazo[4,5-c]qiunolin-7-

yloxy]benzoate

The crude product was purified by column chromatography on silica gel (eluting

with dichloromethanermethanol ranging in ratios from 98:2 to 95:5) and then recrystallized

from acetonitrile to provide methyl 2-[4-ammo-l-(2-methylpropyl)-2-propyl-li7-

imidazo[4,5-c]quinohn-7-yloxy]benzoate as tan crystals, mp 167-168.5 °C.

XH NMR (300 MHz, DMSO-tftf) : 8 7.97-7.94 (m, 1H), 7.87 (dd, J= 7.6, 1.8 Hz, 1H), 7.63

(ddd, J= 7.8, 7.8, 1.8 Hz, 1H), 7.32 (ddd, /= 7.4, 7.4, 1.3 Hz, 1H), 7.14 (dd, J= 7.7, 1.2

Hz, 1H), 6.95-6.92 (m, 2H), 6.48 (s, 2H), 4.31 (d, J= 7.5 Hz, 2H), 3.71 (s, 3H), 2.88 (t, J=
7.5 Hz, 2H), 2.15 (septet, J= 7.0 Hz, 1H), 1.84 (sextet, J= 7.4 Hz, 2H), 1.02 (t, J= 7.5

Hz, 3H), 0.92 (d, J= 6.8 Hz, 6H).

13CNMR (75 MHz, DMSO-d6) : 5 155.9, 154.9, 153.0, 152.2, 146.2, 134.0, 132.5, 131.3,

125.7, 124.1, 123.3, 121.7, 121.5, 112.5, 110.8, 52.0,51.2,28.7, 28.5, 20.9, 19.1, 13.8.

MS (ESI) m/z 433.2238 (433.2240 calcd for C^H^Os, M+H).

Anal. Calcd. for C25H28N4CVO.6H2O: %C, 67.73; %H, 6.64; %N, 12.64. Found: %C,

67.75; %H, 6.40; %N, 12.66.
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Example 41

7-(4-Aminophenoxy)-l-(2-methylpropyl>^

Nickel(H)chloride (0.044 g, 0.34 mmol) was added to a solution of l-(2-

methylpropyl)-7-(4-nitrophenoxy)-2-propyl- liif-imidazo[4,5-c]quinolin-4-amine (0.436 g,

1.04 mmol), prepared as described in Example 35, in 20:80 dichloromethanemethanol (30

mL). Sodium borohydride (0.300 g) was added in small portions to the resulting solution,

and the reaction was stirred for 25 minutes. A solid formed in the reaction and was

removed by filtration, and the filtrate was concentrated under reduced pressure. The

residue was dissolved in chloroform, and the resulting solution was washed with water.

The organic solution was stirred with AMBERL1TE IRA-756 ion exchange resin for 30

minutes, and the resin was then removed by filtration. The filtrate was concentrated under

reduced pressure to provide a brown oil, which was purified by flash chromatography

using a 10 g silica gel cartridge (RediSep, ISCO, 230-400 mesh) attached to a gradient

pump system, 254 nm UV detector and fraction collector (ISCO COMBIFLASH SglOOc

system). The column was equilibrated with 1% methanol in dichloromethane and the

reaction mixture was injected onto the column. The mixture was eluted at 35 mL/minute,

with a linear gradient program consisting of 1% methanol/dichloromethane to 5 %
methanol/dichloromethane over five minutes and holding at 5%

methanol/dichloromethane to elute the desired compound. Fractions were examined by

TLC and those containing the desired compound were combined and concentrated. The

product was then recrystallized from acetonitrile to yield 0.242 g of 7-(4-aminophenoxy)-

l-(2-methylpropyl)-2-propyl-l//-imidazo[4,5-c]quinolin-4-amine as a tan, crystalline

solid, mp 190-191 °C.

!HNMR (300 MHz, DMSO-^) : 6 7.89 (d, J= 8.7 Hz, 1H), 6.9-6.79 (m, 4H), 6.64-6.59

(m, 2H), 6.39 (s, 2H), 4.98 (s, 2H), 4.28 (d, J= 7.6 Hz, 2H), 2.86 (t, J= 7.5 Hz, 2H), 2.21-
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2.07 (m, 1H), 1.84 (sextet, J= 7.4 Hz, 2H), 1.01 (t, J= 7.6 Hz, 3H), 0.91 (d, J= 6.6 Hz,

6H).

MS (ESI) m/z 390.2290 (390.2294 calcd for C23H27N5O, M+H).

Anal. Calcd. for C23H27N5O: %C, 70.93; %H, 6.99; %N, 17.98. Found: %C, 70.70; %H,

5 6.81; %N, 17.88.

Example 42

7-(2-Aniinophenoxy)-l-(2-methylpropyl)-2-propyl-lif-imidazo[4,5-c]quinolin-4-amine

10 A modification ofthe general method described in Example 41 was followed using

l-(2-methylpropyl)-7-(2-ni1xophenoxy)-2-propyl-l^f-imidazo[4,5-c]quinolin-4-amine,

prepared as described in Example 36, in lieu of l-(2-methylpropyl)-7-(4-nitrophenoxy)-2-

propyl-ljy-imidazo[4,5-c]quinolin-4-amine. When the reaction was complete, the reaction

mixture was filtered through a layer ofCELITE filter aid, and the filter cake was washed

1 5 with methanol and methanolrdichloromethane. Following treatment with the ion exchange

resin, the crude product was purified by column chromatography on silica gel (eluting with

dichloromethanermethanol ranging in ratios from 98:2 to 94:6). The white, waxy solid

was recrystallized from acetonitrile to yield 0.150 g of 7-(2-aminophenoxy)- 1 -(2-

methylpropyl)-2-propyl-liy-imidazo[4,5-c]quinolin-4-amine as tan crystals, mp 197-199

20 °C.

*HNMR (300 MHz, DMSO-<&) : 5 7.92 (d, J= 8.8 Hz, 1H), 6.98-6.82 (m, 5H), 6.58 (ddd,

J= 7.5, 7.5, 1.8 Hz, 1H), 6.41 (s, 2H), 4.89 (s, 2H), 4.29 (d, J= 7.5 Hz, 2H), 2.86 (t,

7.5 Hz, 2H), 2.15 (septet, J= 6.6 Hz, 1H), 1.84 (sextet, J= 7.5 Hz, 2H), 1.02 (t, J= 7.5

Hz, 3H), 0.91 (d, J= 6.0 Hz, 6H).

25 MS (APCI) m/z 390 (M+H)
+

.

Anal. Calcd. for C23H27N5O: %C, 70.93; %H, 6.99; %N, 17.98. Found: %C, 70.91; %H,

7.06; %N, 17.70.
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Example 43

7-(3~Ethylaminophenoxy)-l -^^

amine.

1 -(2-Methylpropyl)-7-(3-nitrophenoxy)-2-propyl-li?-imidazo[4,5-c]quinolin-4-

amine (0.254 g?
0.606 mmol), prepared as described in Example 37, was stirred in ethanol

(10 mL), and 5% platinum on carbon (0.025 g) was added. The reaction was placed under

a positive pressure ofhydrogen and stirred for one hour. The reaction mixture was filtered

10 through a layer ofCELITE filter aid, and the filter cake was washed with methanol. The

filtrate was concentrated under reduced pressure, and the residue was purified by column

chromatography on silica gel (eluting with dichloromethane:methanol ranging in ratios

from 98:2 to 95:5). The product was recrystallized from acetonitrile to provide 0.032 g of

7-(3-ethylaminophenoxy)-l~(2^

15 amine as square, orange crystals, mp 168-174 °C.

*H NMR (300 MHz, DMSO-d6) : 5 7.94 (d, 9.3 Hz, 1H), 7.10-7.04 (m, 2H), 6.95 (dd,

J= 2.4, 8.6 Hz, 1H), 6.46 (s, 2H), 6.37-6.33 (m, 1H), 6.24 (m, 2H), 5.71-5.68 (m, 1H),

4.30 (d, J= 7.6 Hz, 2H), 3.03-2.94 (m, 2H), 2.87 (t, J= 7.5 Hz, 2H), 2.22-2.08 (m, 1H),

1.84 (sextet, J= 7.5 Hz, 2H), 1.13 (t, J= 7.1 Hz, 3H), 1.02 (t, J= 7.5 Hz, 3H), 0.92 (d, J=

20 6.3 Hz, 6H).

MS (ESI) m/z 418.2614 (418.2607 calcd for C25H31N5O, M+H).

Anal. Calcd. for C25H31N5O: %C, 71.91; %H, 7.48; %N, 16.77. Found: %C, 71.80; %H,

7.49; %N, 16.89.
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Example 44

7-Benzyloxy-2-ethoxymethyl- 1-propyl- lAT-imidazo[4,5-c]quinolin-4-amine

The general methods described in Example 1 were followed. Propylamine was

used in lieu ofisobutylamine in Part E, and ethoxyacetyl chloride was used in lieu of

trimethyl orthobutyrate in Part G. The crude product was recrystallized from acetonitrile

to provide 7-benzyloxy-2-ethoxymethyl-l-propyl- li7-imidazo[4
?5-c]quinolin-4-amine as a

flocculent, white solid, mp 188-189 °C.

*H NMR (300 MHz5 DMSO-^) : 8 7.91 (d, J= 9.1 Hz, 1H), 7.52-7.30 (m, 5H), 7.13 (d, J

- 2.7 Hz, 1H), 7.00 (dd, J= 8.9, 2.6 Hz, 1H), 6.53 (s, 2H), 5.21 (s, 2H), 4.74 (s, 2H), 4.49-

4.44 (m ? 2H), 3.54 (q, J= 7.0 Hz, 2H), 1.92-1.78 (m, 2H), 1.15 (t, J= 6.9 Hz, 3H), LOO (t,

J= 7.4 Hz, 3H).

13C NMR (75 MHz, DMSO-^): 5 157.3, 152.3, 148.1, 146.9, 137.2, 133.4, 128.4, 127.7,

127.6, 124.9, 121.3, 111.9, 108.9, 108.7, 69.1, 65.3, 64.2, 46.6, 23.0, 14.9, 10.7.

MS (ESI) m/z 391.2134 (391.2117 calcd for C23H26N4O2, M+H+
).

Anal. Calcd. for C23H26N4O2: %C, 70.75; %H, 6.71; %N, 14.35. Found: %C, 70.49; %H,

6.57; %N, 14.22.

Example 45

,4-Amino-2-ethoxymethyl-l-propyl-liy-imidazo[4,5-c]quinolin-7-ol

7-Benzyloxy-2-ethoxymethyl- 1 -propyl- l£T-imidazo[4,5-c]quinolin-4-amine (3 .9 g,

9.99 mmol), prepared in Example 44, was mixed with ethanol and added to a Parr flask
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charged with 10% palladium on carbon (0.390 g) in ethanoL The flask was placed under

hydrogen pressure and shaken for 18 hours. The reaction mixture was filtered through a

layer ofCELITE filter aid, and the filter cake was washed with warm DMF. The filtrate

was concentrated under reduced pressure, and the residue was recrystallized from

methanol to yield 2.4 g of 4-amino»2-ethoxymethyl-l-propyl-liy-imidazo[4
35-c]quinolin-

7~ol as a white solid, mp >250°C.

*HNMR (300 MHz, DMSO-c^) : 5 9.50 (s, 1H), 7.82 (d
5
J= 8.9 Hz, 1H), 6.96 (d, J= 2.5

Hz, 1H), 6.81 (dd, J= 8.8, 2.6 Hz, 1H), 6.45 (s, 2H), 4.73 (s, 2H), 4.47-4.41 (m, 2H), 3.54

(q, J= 7.0 Hz, 2H), 1.92-1.78 (m, 2H), 1.15 (t, J= 6.9 Hz, 3H), 1.00 (t, J= 7A Hz, 3H);

13CNMR(75MHz,DMSO-^) : 6 156.4, 152.1, 147.7, 147.1, 133.6, 124.5, 121.2, 112.0,

109.8, 107.9, 65.2, 64.2, 46.6, 23.0, 14.9, 10.7;

Anal. Calcd. for C 16H2oN402: %C, 63.98; %H, 6.71; %N, 18.65. Found: %C, 63.71; %H,

6.48; %N, 18.53.

Example 46

7-Benzyloxy-l-(2-phenoxyethyl)-li^imidazo[4,5-c]quinolin-4~amine

NHL

Triethylamine (8.93 mL, 64.1 mmol) was added to a solution of 7-benzyloxy-4-

chloro-3-nitroquinoline (13.45 g, 42.7 mmol), prepared in Parts A-D ofExample 1, in

dichloromethane (250 mL). 2-Phenoxyethylamine (6.15 mL, 47.0 mmol) was added

dropwise over a period often minutes, and the reaction mixture was stirred for three hours

at ambient temperature. Distilled water (200 mL) was added to the solution, and the

aqueous layer was washed with dichloromethane (2 x 200 mL). The combined organic

solutions were dried over magnesium sulfate, filtered, and concentrated under reduced

pressure to provide a solid. The solid was washed with hexanes, isolated by filtration, and

Part A
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dried under reduced pressure to provide 17.14 g of (7-benzyloxy-3-nitroquinolin-4-yl)-(2-

phenoxyethyl)amine as a yellow solid.

PartB

(7-Benzyloxy-3-nitroquinolin-4-yl)-(2-phenoxyethyl)amine (14.24 g, 34.28 nimbi)

was dissolved in toluene (900 mL) with heating and added to a Parr vessel charged with

5% platinum on carbon (6.7 g, 34.28 mmol) and toluene (100 mL). The vessel was placed

under hydrogen pressure (35 psi, 2.4 x 10
5
Pa) and shaken for two hours. The catalyst was

removed by filtration and washed with hexanes and dichloromethane. The filtrate was

concentrated under reduced pressure, and the residue was recrystallized from methanol,

isolated by filtration, washed with hexanes, and dried under high vacuum to provide 13.82

g of 7-bemyloxy-A^-(2-phenoxyethyl)quinoline-3,4-diamine as a solid.

PartC

Under a nitrogen atmosphere, diethoxymethyl acetate (3.0 mL, 18 mmol) was

added dropwise to a solution of 7-benzyloxy-A/4-(2-phenoxyethyl)quinoline-3
34-diamine

(3.0 g, 7.8 mmol) in toluene (30 mL), and the reaction was heated at reflux for three hours.

The reaction mixture was concentrated under reduced pressure until a small volume of

solvent remained. Hexanes were added, and the resulting mixture was cooled for 20

minutes in a refrigerator. A precipitate formed which was isolated by filtration, washed

with hexanes, and dried overnight under reduced pressure to provide 3.12 g of 7-

benzyloxy-l-(2-phenoxyethyl)-l/7-imidazo[4,5-c]quinoline as a solid.

PartD

A modification of the general method described in Part B ofExample 3 was

followed. mCPBA (1 .5 g, 5. 1 mmol, 60% pure) was added in portions over a period of 30

minutes to a solution of 7-benzyloxy-l-(2-phenoxyethyl)-lif-imidazo[4,5-c]quinoline (2.0

g, 5.1 mmol) in chloroform (80 mL), and the reaction was stirred for 24 hours. Following

the work-up 1.59 g of 7-benzyloxy-5-oxido-l-(2-phenoxyethyl)-lZ/-imidazo[4,5-

c]quinoline were obtained.

PartE

A modification ofthe general method described in Part C ofExample 3 was used

to treat 7-benzyloxy-5-oxido-l-(2~phenoxyethyl)-l//-imidazo[4,5-c]quinoline (1.59 g, 3.86

mmol). Chloroform (10 mL) was added to help keep the starting material in solution. The
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reaction with trichloroacetyl isocyanate (0.6 mL, 5 mmol) was stirred for 4.5 hours.

Following the reaction with sodium methoxide, a tan precipitate formed, which was

isolated by filtration, washed with hexanes, and dried overnight in a vacuum oven. The

solid was then stirred with water overnight, isolated by filtration, and dried in a vacuum

oven to provide 0.94 g of 7-benzyloxy-l-(2-phenoxyethyl)-l//-imidazo[4
55-c]quinolin-4-

amine as a tan powder, mp 200.3-200.9 °C.

*HNMR (300 MHz, DMSO-d6) 5 8.14 (s, 1H), 8.10 (d, J = 9.0 Hz, 1H), 7.50 (m, 2H),

7.43-7.33 (m, 3H), 7.23 (m, 2H), 7.16 (d, J= 2.7 Hz, 1H), 6.98 (dd, J = 9.0, 2.7 Hz, 1H),

6.93-6.82 (m, 3H), 6.53 (s, 2H), 5.22 (s, 2H), 5.00 (t, J = 5. 1 Hz, 2H), 4.41 (t, 7=5.1 Hz,

2H);

13C NMR (500 MHz, DMSO-d6) 158.2, 157.7, 152.8, 147.1, 142.9, 137.6, 132.8, 129.9,

128.8, 128.1, 128.0, 127.0, 122.2, 121A H4.8, 112.1, 109.5, 108.9, 69.5, 66.7, 46.3;

MS (EI) 410.1749 (410.1743 calcd for C25H22N4O2);

Anal. Calcd. for C25H22N4CVO.25 H20: %C, 72.36; %H, 5.47; %N, 13.50. Found: %C,

72.26; %H, 5.35; %N, 13.47.

Example 47

7-Benzyloxy~2-butyl-l-(2-phe

NH0

Under a nitrogen atmosphere, trimethyl orthovalerate (2.7 mL, 16 mmol) was

added dropwise to a solution of 7-benzyloxy-A?4-(2-phenoxyethyl)quinoline-3,4-diamine

(3.0 g, 7.8 mmol), prepared as described in Parts A and B ofExample 46, in xylenes (30

mL), and the reaction was heated at reflux for 24 hours. The reaction mixture was allowed

to cool to ambient temperature; a precipitate formed, which was isolated by filtration,

washed with hexanes, and dried for two hours in a vacuum oven to provide 2.96 g of 7-

bei^yloxy-2-butyl-l-(2-phenoxyethyl)-m-imidazo[4,5-c]quinoline.

Part A
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PartB

The general method described in PartD ofExample 46 was used to convert 7-

benzyloxy-2-butyl-l-(2-phenoxyethyl)-liir-imidazo[4
55-c]quinoline (1.0 g, 2.2 mmol) to

1 .0 g of 7-benzyloxy-2-butyl-5-oxido-l-(2-phenoxyethyl)-l^-imidazo[4,5-c]quinoline.

5 PartC

A modification ofthe general method described in Part C ofExample 3 was used

to treat 7-benzyloxy-2-butyl-5-oxido-l-(2-phenoxyethyl)-li/-imidazo[4,5-c]quinoline (1.0

g, 2.1 mmol). An analysis by TLC indicated that the reaction with trichloroacetyl

isocyanate (1.35 mL, 11.3 mmol) was incomplete after two hours, and additional

10 trichloroacetyl isocyanate (1 mL) was added and stirred for one hour. Following the

reaction with sodium methoxide, a tan precipitate formed, and the mixture was stirred over

two days. The precipitate was isolated by filtration, recrystallized from ethanol, isolated

by filtration, washed with hexanes, and dried overnight in a vacuum oven to provide 0.63 g

of 7-benzyloxy-2-butyl- 1 -(2-phenoxyethyl)-l#-imidazo[4,5-c]quinolin-4-amine as a

15 white, crystaline solid, mp 188.0-189.0 °C.

'HNMR (300 MHz, DMSO-de) 8 8.06 (d, J= 9.1 Hz, 1H), 7.51-7.19 (m, 7H), 7.14 (d, /

= 2.7 Hz, 1H), 6.98-6.87 (m, 4H), 6.36 (s, 2H), 5.20 (s, 2H), 4.91 (t, J = 4.8 Hz, 2H), 4.40

(t, J = 4.8 Hz, 2H), 2.96 (m, 2H), 1.84 (m, 2H), 1.46 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H);

13C NMR (125 MHz, DMSO-d6) 158.2, 157.3, 153.5, 152.3, 146.9, 137.7, 133.3, 129.9,

20 128.8, 128.1, 128.0, 125.4, 121.7, 121.4, 114.6, 112.1, 109.5, 109.0, 69.5, 66.7, 44.6, 29.8,

26.6, 22.4, 14.2;

MS (EI) m/z 466.2362 (466.2369 calcd for C29H30N4O2).

Anal. Calcd for C29H3oN402-0.2 H20: %C, 74.08; %H, 6.52; %N, 11.92. Found: %C,

74.11; %H, 6.43; %N, 11.88.

25
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Example 48

7-Benzyloxy-2-methoxymethyl- 1 -phenethyl- l/7-imidazo[4,5-c]quinolin-4-amine

PartA
5 The general method described in Part A ofExample 46 was followed using

phenethylamine (9.8 g, 81 mmol) in lieu of 2-phenoxyethylamine. The reaction was

stirred for six hours, and after the work-up, 9.9 g of (7-benzyloxy-3-nitroquinolin-4-

yl)(phenethyl)amine were obtained.

PartB

10 The general method described in Part B ofExample 46 was used to convert (7-

benzyloxy-3-nitroquinolin-4-yl)(phenethyl)amine (6.2 g, 16 mmol) to 7-benzyloxy-TV
4-

(phenethyl)quinoline-3,4-diamine.

PartC

Under a nitrogen atmosphere, a solution of the material from Part B in

1 5 dichloromethane (150 mL) was cooled to -0 °C; pyridine (1 0 mL) was added. A solution

ofmethoxyacetyl chloride (1.67 g, 15.4 mmol) in dichloromethane (40 mL) was then

added dropwise, and the reaction was allowed to warm to room temperature and stirred

until analysis by TLC indicated the disappearance of starting material. The solvent was

removed under reduced pressure, and the residue was mixed with toluene and heated at

20 reflux in a flask equipped with a Dean-Stark trap until an analysis by TLC indicated the

reaction was complete. The toluene was removed under reduced pressure, and the residue

was partitioned between dichloromethane (300 mL) and water (100 mL). The organic

layer was concentrated under reduced pressure. The crude product was purified by column

chromatography on silica gel (eluting with ethyl acetate:methanol 95:5 containing a small

25 amount oftriethylamine) to provide 4. 1 g of 7-benzyloxy-2~methoxymethyl- 1 -phenethyl-

l#-imidazo[4,5-c]quinoline.

PartD
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A modification of the general method described in Part B ofExample 3 was

followed to convert 7-benzyloxy-2-methoxymethyl- 1 -phenethyl-li/-imidazo[4,5 -

c]quinoline (4.1 g, 9.7 mmol) to T-beiizyloxy-l-methoxymethyl-S-oxido-l-phenethyl-l//-

imidazo[4,5-c]quinoline. Dichloromethane (50 mL) was used as the solvent, and the

reaction was terminated after four hours. The material was used without purification.

PartE

The general method described in Part C ofExample 3 was followed using the

material from Part D. The precipitate from the reaction was isolated by filtration, washed

with methanol, and recrystallized from methanol to provide 1.7 g of 7-benzyloxy-2-

methoxymethyl-l-phenethyl-li^-imidazo[4?
5-c]quinolin-4-amine as a white solid, mp 195-

197 °C.

lHNMR (300 MHz, DMSO-d6) 8 8.06 (d, J= 9.0 Hz, 1H), 7.52 (m, 2H), 7.44-7.26 (m,

6H), 7.18-7.14 (m, 3H), 7.06 (dd, J= 9.0, 2.5 Hz, 1H), 6.62 (s, 2H), 5.23 (s, 2H), 4.75 (t, J

= 7.2 Hz, 2H), 4.32 (s, 2H), 3.28 (s, 3H), 3.12 (t, /= 7.2 Hz, 2H);

MS (APCI) mlz 439 (M+H)
+

;

Anal. Calcd. for C27H26N402 : %C, 73.95; %H, 5.98; %N, 12.78. Found: %C, 74.05; %H,

5.80; %N, 12.64.

Example 49

TV1 {4-[4-Amino-7-benzyloxy- 1-(2^

N-phenylurea

Part A
Under a nitrogen atmosphere, a solution of 5-(^-butoxycarbonylamino)valeric

acid (1.50 g, 6.91 mmol) in dichloroethane (30 mL) was cooled to -25 °C. Triethylamine

(2.40 mL, 17.2 mmol) and pivaloyl chloride (0.85 mL, 6.91 mmol) were added, and the

reaction was stirred for three hours, during which time the temperature rose to -10 °C. 7-
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Benzyloxy-7/-(2-phenoxyethyl)quinoline-3 ?
4-diamiiie (0.850 g, 2.20 mmol), prepared as

described in Parts A-B ofExample 46, was added in one portion followed by a small

scoop of 4-dimethylaminopyridine. The reaction was allowed to warm to room

temperature and stirred overnight and then heated at reflux for three hours. The reaction

solution was washed with saturated sodium bicarbonate, water (2 x), and brine, dried over

sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was

purified by column chromatography on silica gel (eluting with sequentially with 98:2 and

95:5 chloroform:methanol) to yield a solid. The solid was treated with diethyl ether and

concentrated under reduced pressure to provide 1.03 gof tert-butyl {4-[7-benzyloxy-l-(2-

phenoxyethyl)-li^imidazo[4,5-e]quinolin-2-yl]butyl}carbamate as a white powder.

Part B

mCPBA (77% pure, 0.36 g, 1.6 mmol) was added to a solution of ter*-butyl {4-[7~

benzyloxy-l-(2-phenoxyethyl)-l^^ (°-89

1 .6 mmol) in dichloromethane (50 mL), and the reaction was stirred for 2.5 hours under a

nitrogen atmosphere. Additional mCPBA (150 mg) was added, and the reaction was

stirred over two nights. The solution was washed with water, saturated aqueous sodium

bicarbonate, water, and brine, dried over sodium sulfate, and concentrated under reduced

pressure to provide 0.90 g of terf-butyl {4-[7-benzyloxy-5-oxido-l-(2-phenoxyethyl)-liy~

imidazo[4,5-c]quinolin-2-yl]butyl}carbamate as a tan foam.

PartC

The general method described in Part I ofExample 1 was followed using tot-butyl

{4-[7-benzyloxy-5-oxido-l-(2-phenoxyethyl)-li7-imidazo[4,5-c]quinolin-2-

yljbutyl} carbamate (0.890 g, 1 .53 mmol) as the starting material Following the work-up,

terf-butyl {4-[4-amino-7-benzyloxy-l-(2^^

yl]butyl}carbamate (823 mg) was obtained and used without purification.

PartD

A solution ofhydrochloric acid (5 mL of 1.5 M in ethanol) was added to a mixture

of ter/-butyl {4-[4-amino-7-b^

yl]butyl}carbamate (823 mg, 1.41 mmol) and ethanol. The reaction was heated at reflux

for 30 minutes and became homogeneous. The solvent was removed under reduced

pressure. The residue was recrystallized from methanol, isolated by filtration, washed with
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diethyl ether, and dried under reduced pressure to provide 534 mg of 2-(4-aminobutyl)-7-

benzyloxy-l-(2-phenoxyethyl)-^ as yellow crystals.

PartE

Under a nitrogen atmosphere, a mixture of 2-(4-aminobutyl)-7-benzyloxy- 1 -(2-

phenoxyethyl)-li7-imidazo[4 5
5-c]quinolin-4«amine (0.40 g, 0.83 mmol) and pyridine (10

mL) was cooled to 0 °C, and phenyl isocyanate (91 |J,L, 0.84 mmol) was added. The

reaction was stirred for one hour and additional phenyl isocyanate (10 jaL) was added. The

reaction was stirred for one hour and then concentrated under reduced pressure. The

residue was purified by column chromatography on silica gel (eluting with 95:5

chloroform:methanol), recrystallized from toluene, and dried in a vacuum oven to provide

150 mg of#-{4-[4-ammo-7-benzyloxy-l^

yljbutyl} -N-phenylurea as a white crystalline solid, mp 186.3-186.9 °C.

*HNMR (300 MHz, DMSO-d6) 5 8.41 (s, 1H), 8.08 (d, J= 9.1 Hz, 1H), 7.49 (m, 2H),

7.43-7.30 (m, 5H), 7.23-7.18 (m, 4H), 7.13 (d, J= 2.6 Hz, 1H), 6.88 (m, 2H), 6.80 (d, J«

7.9 Hz, 2H), 6.42 (s, 2H), 6.19 (t, J= 5.5 Hz, 1H), 5.20 (s, 2H), 4.93 (s, 2H) 5 4.39 (m, 2H),

3.18 (m, 2H), 3.01 (m5
2H), 1.90 (m, 2H), 1.62 (m, 2H);

MS (CI) m/z 601.2935 (calcd for C36H36N6O3 601.2927,M + H).

Example 50

TV- {4-[4-Amino-7-benzyloxy-2-(2-mefo^^

yljbutyl}methanesulfonamide

Part A

ferr-Butyl 7V-(4-aminobutyl)carbamate (22.01 g, 1 16.9 mmol) was added to a

solution of 7-benzyloxy-4-chloro-3-nitroquinoline (36.80 g, 116.9 mmol), prepared in

Parts A-D ofExample 1, in distilled water. The reaction was heated at 80 °C for 1.5 hours

-106-



WO 2005/020999 PCT/US2004/028021

and then stirred at room temperature for four hours. The reaction was not complete, and

triethylamine (16 mL, 115 mmol) was added. The reaction was stirred overnight at room

temperature. A precipitate formed, which was isolated by filtration and washed with

hexanes to provide 39.92 g of tert-butyl [4-(7-benzyloxy-3-ni1roquinolin-4-

5 ylamino)butyl]carbamate as a yellow solid.

PartB

tert-Butyl [4-(7-benzyloxy-3-nitroquinolin-4-ylamino)butyl]carbamate (39.92 g?

85.57 mmol) was dissolved in toluene (1700 mL) and added to a Parr vessel charged with

5% platinum on carbon (3.9 g) and a small volume oftoluene. The vessel was placed

10 under hydrogen pressure (50 psi, 3.4 x 10
5
Pa). The hydrogen was replaced three times,

and the reaction was shaken overnight. The reaction mixture was filtered through a layer

ofCELITE filter aid, and the filter cake was washed with ethanol (700 mL). The filtrate

was concentrated under reduced pressure to provide 28.62 g of tert-butyl {4-[3-amino-7-

(benzyloxy)quinolin-4-ylamino]butyl} carbamate as a brown solid.

15 PartC

Under a nitrogen atmosphere, a solution of tert-butyl {4-[3~amino-7-

(benzyloxy)quinolin-4-ylamino]butyl} carbamate (28.62 g, 65.5 mmol) in dichloromethane

(1 L) was cooled to -0 °C; triethylamine (10.0 mL, 72.1 mmol) was added.

Methoxypropionyl chloride (8.57 mL, 78.6 mmol) was added dropwise, and the reaction

20 was stirred at ambient temperature for two hours. The volatiles were removed under

reduced pressure, and the residue was dissolved in ethanol (840 mL). Triethylamine (33

mL) was added, and the reaction was heated at reflux overnight and allowed to cool to

ambient temperature. The volatiles were removed under reduced pressure to provide 30.77

g of tert-butyl {4-[7-beiizyloxy-2-(2-methoxyethyl)-l JfZ-imidazo[4,5-c]quinolin-l-

25 yl]butyl} carbamate as a brown oil, which was used without purification.

PartD

A modification of the general method described in Part B ofExample 3 was

followed using tert-butyl {4-[7-benzyloxy-2~(2-methoxyethyl)-li7-imidazo[4,5-c]quinolin-

1 -yl]butyl} carbamate (9.08 g, 17.9 mmol) in lieu of 7-benzyloxy-2-methyl- 1 -(2-

30 methylpropyl)-li/-imidazo[4,5-c]quinolme. Over a period of28 hours, three equivalents

ofmCPBA were added. Following the work-up procedure, 8.07 g of tert-butyl {4-[7-
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benzyloxy-2<2-methoxyethyl)-5-oxido-li^-imidazo[4,5 -c]quinolin- 1 -yl]butyl} carbamate

were obtained.

PartE

The general method described in Part I ofExample 1 was followed using fert-butyl

{4-[7-benzyloxy-2-(2-methoxyethyl)-5-oxido-li^imidazo[4 ?
5-c]quinolin-l--

yl]butyl} carbamate (8.07 g, 15.5 mmol) as the starting material Following the work-up,

tert-butyl {4-[4-amino-7-benzyloxy-2-(2-metfo

yl]butyl}carbamate (8.00 g) was obtained as a clear, brown oil and used without

purification.

PartF

A solution ofhydrochloric acid (9.25 mL of 2 M) in ethanol was added to tert-

butyl {4-[4-amino-7-benzyloxy-2-(2-metto^

yl]butyl}carbamate (2 g5 4 mmol), and the reaction was heated at 70 °C for 5 hours. The

reaction was allowed to cool to ambient temperature, and nitrogen gas was bubbled

through the solution overnight. The solvent was removed under reduced pressure, and the

residue was triturated with diethyl ether to provide a sticky solid, which was dissolved in

water and treated with concentrated ammonium hydroxide until pH 1 1 was achieved. The

solution was extracted with dichloromethane several times, and the combined extracts

were concentrated under reduced pressure to provide l-(4-aminobutyl)-7-benzyloxy-2-(2-

methoxyethyl)-li?-imidazo[4,5-c]quinolin-4-amine as a dark-brown oil.

Part G

Triethylamine (0.89 mL, 6.4 mmol) was added to a solution of l-(4-aminobutyl)-7-

benzyloxy-2-(2-methoxyethyl)-li^imidazo[4,5-c]quinolin-4-amine (2.55 g, 6.07 mmol) in

anhydrous acetonitrile (255 mL), and the mixture was heated until it became

homogeneous. The reaction was allowed to cool to ambient temperature, and

methanesulfonic anhydride (1.11 g, 6.38 mmol) was slowly added. The reaction was

stirred at ambient temperature for four hours, and the solvent was removed under reduced

pressure. The residue was dissolved in ethyl acetate, and the resulting solution was

washed with aqueous sodium bicarbonate. The aqueous solution was washed once with

ethyl acetate, and the combined organic solutions were dried over magnesium sulfate,

filtered, and concentrated under reduced pressure. The crude product was recrystallized
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from ethanol and dried for 24 hours in a vacuum oven at 85 °C to provide 0.350 g ofA^-{4-

[4-anfrno-7-benzyloxy-2-(2-methoxyethyl)-li/-imidazo[4,5-c]quinolin-l-

yl]butyl }methanesulfonamide as a brown solid, mp 144.5 - 147.6 °C.

!HNMR (300 MHz, DMSO-dg) 5 7.96 (d, J= 9.3 Hz, 1H), 7.50 (d, J= 6.9 Hz, 2H), 7.38

(m, 3H), 7.13 (d, J= 3.0 Hz, 1H), 7.00 (m, 2 H), 6.47 (s, 2H), 5.20 (s, 2H), 4.48 (t, J= 7.5

Hz, 2H), 3.81 (t, J= 6.9 Hz, 2H), 3.34 (s, 3H), 3.16 (t, J= 6.9 Hz, 2H), 2.97 (q, J= 6.6 Hz,

2H), 2.86 (s, 3H), 1.81 (pentet, J= 7.8 Hz, 2H), 1.59 (pentet, 7.5 Hz, 2H);
13C NMR (75 MHz, DMSO-d6) 5 157.4, 152.2, 150.2, 146.7, 137.6, 133.0, 128.8, 128.1,

127.9, 125.4, 121.5, 112.3, 109.3, 108.8, 70.5, 69.4, 58.4, 44.8, 42.4, 39.5, 27.4, 27.3,

26.7;

MS (ESI) mlz 498.2159 (calcd. for C25H3iN504S 498.2175, M + H);

Anal. Calcd. for C25H31N5O4S: %C, 60.34; %H, 6.28; %N, 14.07. Found: %C, 60.45;

%H, 6.16; %N, 13.69.

Example 51

iV"-{4^4-Anrino-7-berizyloxy-2-(2-methoxyethyl)-li7-imidazo[4,5-c]quinolin-l-

yl]butyl}urea

NH2

The general method described in Part C ofExample 3 was followed using tert-

butyl {4-[7-benzyloxy-2-(2-methoxyethyl)-5-oxido- l#-imidazo[4,5-e]qumolin- 1 -

yl]butyl}carbamate (17.18 g, 33.00 mmol), prepared as described in Parts A-D ofExample

50, as the starting material. Following the reaction with sodium methoxide, the reaction

precipitate was isolated by filtration to provide 0.267 g of7Y- {4-[4-amino-7-benzyloxy-2-

(2-methoxyethyl)-liy-imidazo[4,5-c]quinolin-l-yl]butyl}urea as a yellow powder, mp

169.6-170.70 °C.
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!HNMR (300 MHz, DMSO-d6) S 7.91 (d, J= 9 Hz, 1H), 7.51-7.48 (m, 2H), 7.43-7.30 (m
;

3H), 7.127(d, J— 2.7 Hz, 1H), 7.00 (dd,J= 9; 2.7 Hz, 1H), 6.45 (s, 2H), 5.94 (t, J= 5.7

Hz, 1H), 5.39 (br s, 2H), 5.20 (s, 2H), 4.47 (t, J= 6.6 Hz, 2H), 3.80 (t, J= 6.9 Hz, 2H),

3.35 (br s, 3H), 3.15 (t, J~ 6.9 Hz, 2H), 3.00 (q, J= 6.6 Hz, 2H), 1.75 (pentet, J= 7.2 Hz,

2H), 1.49 (pentet, /= 8.1 Hz, 2H);

13C NMR (75 MHz, DMSO) 8159.0, 157.3, 152.3, 150.2, 146.8, 137.7, 133.0, 128.8,

128.1, 127.9, 125.4, 121.4, 112.3, 109.3, 108.9, 70.5, 69.4, 58.4, 44.9, 27.5, 27.5;

MS (APCI) m/z 463 (M + H)+ ;

Anal. Calcd. for C^oNgCb: %C, 64.92; %H, 6.54; %N, 18.17. Found: %C, 64.26; %H,

6.52; %N, 17.66.

Example 52

iV-[2-(4-Amino-2-etb.oxymethyl-7-hydroxy-li7-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyljmethanesulfonamide

Part A

7-Benzyloxy-4-chloro-3-nitroquinoline (14.5 g, 46.0 mmol) was treated using the

general method described in Part E ofExample 1. l,2-Diamino-2-methylpropane (5.29

mL, 50.6 mmol) was used in lieu ofisobutylamine. After the work-up, the crude product

was passed through a layer of silica gel (eluting sequentially with chloroform and 96:4

chloroformrmethanol) to provide 12.4 gof(2-amino-2-methylpropyl)-(7-benzyloxy-3-

nitroquinolin-4-yl)amine as a yellow solid.

PartB

Under a nitrogen atmosphere, a solution of (2-amino-2-methylpropyl)-(7-

benzyloxy-3-nitroquinolin-4-yl)amine (12.4 g, 33.9 mmol) in dichloromethane (400 mL)

was cooled to 0 °C. Triethylamine (9.43 mL, 67.8 mmol) and methanesulfonic anhydride

(5.90 g, 33.9 mmol) were sequentially added, and the reaction was stirred at ambient
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temperature for two hours. An analysis by HPLC indicated that the reaction was

incomplete, and additional methanesulfonic anhydride (1.4 g, 8.0 mmol) was added. The

reaction was stirred for an additional 90 minutes, and additional methanesulfonic

anhydride (0.7 g?
4 mmol) was added. The reaction was stirred for an additional three

5 hours, and saturated aqueous sodium bicarbonate (200 mL) was added. A precipitate

began to form in the organic layer, which was separated and concentrated under reduced

pressure to provide a yellow solid. The solid was triturated with water (200 mL) with

heating, isolated by filtration, washed with water (3 x 100 mL) and diethyl ether (3 x 50

mL), and dried overnight under vacuum to provide 14.8 g ofiV-[l,l-dimethyl-2-(3-nitro-7-

10 benzyloxyquinolin-4-ylamino)ethyl]methanesulfonamide as a yellow powder.

PartC

jV-[l,l -Dimethyl-2-(3-nitro-7-benzyloxyquinolin-4-

ylamino)ethyl]methanesulfonamide (14.8 g, 33.3 mmol) was mixed with acetonitrile (300

mL) and added to a Parr flask; 5% platinum on carbon (2 g) was added. The reaction was

15 flushed with nitrogen and placed under hydrogen pressure (40 psi, 2.8 x 1

0

5
Pa) for 5.5

hours with the hydrogen replaced after two hours. An analysis by TLC indicated the

presence of starting material. Additional acetonitrile (200 mL) and 5% platinum on carbon

(2 g) were added, and the reaction was placed under hydrogen pressure overnight. The

reaction mixture was filtered through a layer ofCELITE filter aid, and the filter cake was

20 washed with acetonitrile. The filtrate was concentrated under reduced pressure. Toluene

and dichloromethane were added and removed under reduced pressure twice to yield 12.6

g ofi\T-[2~(3-amino-7-benzyloxyquinolin-4-ylamino)- 1,1-

dimethylethyl]methanesulfonamide as a foam.

PartD

25 A modification of the general method described in Part C ofExample 50 was

followed using AT-[2-(3-amino-7-benzyloxyquinolin-4-.ylamino)- 1,1-

dimethylethyl]methanesulfonamide (12.6 g, 30.4 mmol) in lieu of tert-butyl {4-[3-amino-

7-(benzyloxy)quinolin-4-ylamino]butyl}carbamate and ethoxyacetyl chloride (3.33 mL,

30.4 mmol) in lieu of methoxypropionyl chloride. The crude product was dissolved in

30 dichloromethane (300 mL), and the resulting solution was washed with water (2 x 100

mL) and brine, dried over sodium sulfate, filtered, and concentrated under reduced
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pressure to provide a brown oil. The oil was purified by column chromatography on silica

gel (eluting with 97.5:2.5 chloroformimethanol) to provide 12.4 g ofiV-[2-(7-benzyloxy-2-

ethoxymethyl- l#-imidazo [4,5 -c]quinolin- 1 -yl)- 1 , 1 -dimethylethyl]methanesulfonamide as

a beige foam.

5 Part E

A modification ofthe general method described in Part B ofExample 49 was

followed using N-[2-(7-benzyloxy-2-e^

dimethylethyl]methanesulfonamide (1.71 g, 3.55 mmol) in lieu of ter/-butyl {4-[7-

benzyloxy-l-(2-phenoxyethyl)-li/-imid The

10 reaction was complete in 2.5 hours and provided 1.75 g ofJV-[2-(7-benzyloxy-2-

ethoxymethyl-5-oxido- 1#-imidazo[455-c]quinolin- 1 -yl)- 1 , 1 -

dimethylethyl]methanesulfonamide as a light-brown solid.

PartF

Concentrated ammonium hydroxide (3 to 4 mL) was added to a solution ofN-[2-

15 (7-benzyloxy-2-ethoxymethyl-5-oxido-liW^

dimethylethyl]methanesulfonamide (1.75 g, 3.51 mmol) in dichloromethane (35 mL) with

rapid stirring. ^-Toluenesulfonyl chloride (670 mg, 3.51 mmol) was added. The reaction

was stirred for one hour; a precipitate formed. Water (100 mL) was added, and the

dichloromethane was removed under reduced pressure. Dichloromethane (5 mL) was then

20 added with rapid stirring, and the resulting powder was isolated by filtration and dissolved

in 90: 10 chloroformimethanol (200 mL). The resulting solution was concentrated under

reduced pressure, and the residue was triturated with hot propyl acetate (50 mL), isolated

by filtration, and dried under reduced pressure to provide 1 .45 g ofiV-[2-(4-amino-7-

benzyloxy-S-ethoxymethyl- li7-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

25 dimethylethyl]methanesulfonamide as a tan powder.

Part G

The general method described in Example 5 was followed using iV-[2-(4-amino-7-

benzyloxy-2-ethoxymethyl-li7-imida2:o[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyl]methanesulfonamide (1.00 g, 2.01 mmol) in lieu of 7-benzyloxy- 1 -(2-

30 methylpropyl)-2-propyl-liy-imidazo[4,5-c]quinolin-4-amine. The crude product was

recrystallized from methanol (20 mL). The crystals were collected in three crops and
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washed with methanol and ethyl acetate. The crops were combined and purified by

column chromatography on silica gel (eluting with 89.1:9.9:1

chloroform:methanol:ammonium hydroxide) to provide 330 mg ofiV-[2-(4-amino-2-

ethoxymethyl-7-hydroxy- 1ii^-imidazo[4,5-c]quinolin- 1 -yl)- 1 , 1 -

dimethylethyl]methanesulfonamide as a white powder, mp 255-256 °C.
XH NMR (300

MHz, DMSO-^, 350K) 5 9.18 (br s, 1H), 8.09 (d, 8.9 Hz, 1H), 7.00 (br s, 1H), 6.96 (d,

J= 2.5 Hz, 1H), 6.77 (dd, J= 8.9, 2.5 Hz, 1H), 6.1 1 (s, 2H), 4.84 (s, 2H), 4.81 (s, 2H),

3.56 (q, J= 7.Q Hz, 2H), 2.97 (s, 3H), 1.29 (s, 6H), 1.15 (t, J= 7.0 Hz, 3H);

13C NMR (125 MHz, DMSO-^) 8 156.6, 152.5, 149.6, 147.8, 135.0, 125.0, 122.5, 111.7,

110.1, 108.7, 65.7, 65.1, 57.7, 54.5, 44.7, 25.8, 15.3;

MS (APCI) m/z 408 (M + H)"~;

Anal. Calcd. for C18H25N5O4S: %C, 52.43; %H, 6.11; %N, 16.94. Found: %C, 52.34;

%H, 6.03; %N, 16.79.

Example 53

7-(4-Methanesulfonylphenoxy)-2-(2^

4-amine

The general methods described in Parts A-G ofExample 1 were used to prepare 7-

benzyloxy-2-(2-methoxyethyl)- 1 -propyl- 1i7-imidazo[4 ,
5-c]quinoline. Propylamine was

used in lieu of isobutylamine in Part E, and methoxypropionyl chloride was used in lieu of

trimethyl orthobutyrate in Part G. 7-Benzyloxy-2-(2-methoxyethyl)-l-propyl-l/ir-

imidazo[4,5-c]quinoline was treated according to the general methods described in Parts

A-D ofExamples 35-40. In Part B, the fluorobenzene used was 4-fluorophenyl methyl

sulfone. Following chromatographic purification, the product was recrystallized from

acetonitrile to provide 0.890 g of 7-(4-methanesulfonylphenoxy)-2-(2-methoxyethyl)-l-

propyl-li7-imidazo[4,5-c]quinolin-4-amine as dark tan needles, mp 210-212 °C.
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XH NMR (300 MHz, DMSO-^) : S 8.09 (d, J= 9.0 Hz, 1H), 7.96-7.91 (m, 2H), 7.26-7.21

(m, 3H), 7.06 (dd, J= 8.8, 2.5 Hz, 1H), 6.62 (s, 2H), 4.51-4.46 (m, 2H), 3.83 (t, J= 6.7

Hz, 2H), 3.30 (s, 3H), 3.21-3.17 (m, 5H), 1.90-1.77 (m, 2H), 0.99 (t, J= 7.4 Hz, 3H);

MS (CI) m/z 455.1746 (455.1753 calcd for CasHzeN^S, M+H);

Anal. Calcd. for C23H26N4O4S: %C, 60.78; %H, 5.77; %N, 12.33; %S, 7.05. Found: %C 3

60.43; %H, 5.73; %N, 12.48; %S, 7.00.

Example 54

l-[4-Amino-7-benzyloxy-2-(hydroxymethyl)-li7-imidazo[4,5-c]quinolin-l-yl]-2-

methylpropan-2-ol

Triethylamine (81.3 g, 0.803 mol) was added to a solution of230.0 g (0.731 mol)

of 7-benzyloxy-4-chloro-3-nitroquinoline (230.0 g, 0.731 mmol), prepared in Parts A-D of

Example 1, in methanol (1.84 L). Hydroxyisobutylamine (71.6 g, 0.803 mol) was then

added over a period of five minutes; the temperature rose from 30 °C to 39 °C during the

addition. The reaction mixture was heated at reflux for four hours and then allowed to

cool to room temperature. The solid product was isolated by filtration, washed with

ethanol (1 L), and dried under vacuum at 55 °C to provide 261.2 g of l-[(7-benzyloxy-3-

nitroquinolin-4-yl)amino]-2-methylpropan-2-ol.

PartB

A solution of l-[(7-benzyloxy-3-nitroquinohn-4-yl)amino]-2-methylpropan-2-ol

(245.0 g, 0.667 mol) in methanol (3 L) was added to a pressure vessel containing 5%
platinum on carbon (7.35 g). The vessel was placed under hydrogen pressure (30 psi, 2. 1 x

10
5
Pa) at 55 °C for five hours. The reaction was allowed to cool to 40 °C, and

dichloromethane (2.5 L) was added. The reaction mixture was then filtered through

CLARCEL filter aid at 30-40 °C, and the filter cake was washed with methanol. The

NH.

Part A
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filtrate was concentrated to a volume of 1.5 L, cooled to 5-10 °C, and stirred for two hours.

A solid formed and was isolated by filtration, washed with a small amount ofmethanol,

and dried under vacuum at 50 °C to provide 199.4 g of l-{[3-amino-7-

(benzyloxy)quinolin-4-yl]amino}-2-methylpropan-2-ol.

PartC

Under a nitrogen atmosphere, a mixture of l-{[3-amino-7-(benzyloxy)quinolin-4-

yl]amino}-2-methylpropan-2-ol (45.0 g, 0.133 mol) and acetonitrile (180 mL) was heated

to 40 °C. Acetoxyacetyl chloride (21.8 g, 0.160 mol) was added to the resulting gray

suspension over a period of 15 minutes while maintaining the temperature at 55 ± 5°C

during the addition. Following the addition, a precipitate formed, and the reaction was

heated at 55 °C for 15 minutes. The reaction mixture was then cooled to ~0 °C, and the

product was isolated by filtration, washed sequentially with a small amount of acetonitrile

and acetone, and dried under vacuum at 50 °C to provide 57.6 g of2-({7-benzyloxy-4-[(2-

hydroxy-2-methylpropyl)amino]quinolin-3-yl}amino)-2-oxoethyl acetate hydrochloride.

PartD

A mixture of2-({7-benzyloxy-4-[(2-hydroxy-2-methylpropyl)amino]quinolin-3-

yl}amino)-2-oxoethyl acetate hydrochloride (54.0 g, 0.114 mol) in methanol (270 mL) was

heated to 55 °C, at which point a solution was obtained. A solution ofsodium hydroxide

(9.2 g, 0.23 mol) in water (90 mL) was then added over a period of five minutes while

heating the reaction mixture at reflux. Following the addition, the addition funnel was

rinsed with water (10 mL), and the reaction mixture was heated at reflux for one hour.

The reaction mixture was then cooled to ~0 °C, and the solid product was isolated by

filtration, washed with methanol, deionized water, and a small volume of acetone, and

dried under vacuum at 50 °C to provide 42.1 g of l-[7-benzyloxy-2-(hydroxymethyl)-lif-

imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol as an off-white solid.

PartE

A mixture of l-[7-benzyloxy-2-(hydroxymethyl)-li^-imidazo[4,5-c]quinolin-l-yl]-

2-methylpropan-2-ol (39.0 g, 0.133 mol), pyridine (390 mL), and acetic anhydride (195

mL) was heated at 35 ± 5 °C for one hour in a reaction flask fitted with a calcium chloride

drying tube. The reaction mixture was poured into a mixture of ice (2.5 kg) and deionized

water and stirred for approximately 15 minutes. A precipitate formed and was isolated by
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filtration, washed with deionized water (500 mL), and dried under vacuum at 50 °C to

provide 41.8 g of [7-benzyloxy-l-(2-hydroxy-2-^

2-yl]methyl acetate.

PartF

5 Hydrogen fluoride (7.5 g of48%, 0. 1 8 mol) was added to a solution of [7-

benzyloxy- 1-(2-hydroxy-2-methylpropyl)~l/Z-imidazo[4,5-c]quinolin-2-yl]methyl acetate

(40.0 g, 0.0953 mol) in DMF (910 mL) and methanol (300 mL). mCPBA (60.6 g, 0.200

mol, 57% pure) was then added in one portion, and the reaction was stirred at ambient

temperature for 5.5 hours. A mixture of ice and deionized water (4 L) was then added to

10 the reaction mixture, and the resulting mixture was stirred vigorously for 30 minutes. The

solid product was isolated by filtration, washed with deionized water, and dried under

vacuum at 50 °C. The solid was then triturated with diethyl ether (500 mL) for one hour,

isolated by filtration, washed with diethyl ether (400 mL), and dried under vacuum at 40

°C to provide 41.7 g of [7-benzyloxy-l-(2-hydroxy-2-methylpropyl)-5-oxido-li/-

15 imidazo[4,5-c]quinolin~2-yl]methyl acetate.

PartG

A solution of [7-benzyloxy- 1-(2~hydroxy-2-methylpropyl)-5-oxido- li1/-

imidazo[4,5~c]quinolin-2-yl]methyl acetate (40.0 g, 0.0918 mol) in dichloromethane (650

mL) was cooled to 0°C; ammonium hydroxide (250 mL of 28%) was added. A solution of

20 p-toluenesulfonyl chloride (29.1 g, 0.153 mol) in dichloromethane (200 mL) was added

over a period of 12 minutes while maintaining the reaction temperature below 5.5 °C. The

reaction mixture was then allowed to warm to room temperature and stirred for one hour.

The reaction mixture was diluted with dichloromethane (100 mL), and the organic layer

was washed with deionized water (2 x 400 mL), dried over magnesium sulfate, and

25 filtered. The solution was then treated with activated charcoal for one hour, filtered

through a layer of CELITE filter aid, concentrated under reduced pressure, and further

dried under vacuum at 60 °C to provide 40.1 g of [4-amino-7-benzyloxy-l-(2-hydroxy-2-

methylpropyl)-171/-imidazo[4,5-c]quinolin-2-yl]methyl acetate-

Part H
30 A solution of [4-amino-7-benzyloxy-l-(2-hydroxy-2-methylpropyl)-li7-

imidazo[4,5-c]quinolin-2-yl]methyl acetate (34.0 g, 0.0782 mol) in methanol (150 mL)

was heated at reflux, and a solution of aqueous sodium hydroxide (50 mL of 1.7 M) was
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added over a period of five minutes. A white precipitate formed, and the reaction was

heated at reflux for one hour. The reaction mixture was allowed to cool to room

temperature and stirred for about three hours. The precipitate was isolated by filtration,

washed with deionized water and methanol, and then dried under vacuum at 50 °C to

provide 24.9 g of the crude product. The crude product (6.0 g) was recrystallized from a

mixture of 2-propanol:acetic acid 9:1 (470 mL); the hot solution was treated with activated

charcoal and filtered through a layer ofCELITE filter aid. The crystals were isolated by

filtration, washed with a small volume of 2-propanol:acetic acid, and dried under vacuum

at 50 °C. The product was stirred with aqueous sodium hydroxide (200 mL of 0.15 M) for

three hours, isolated by filtration, washed with deionized water, stirred with methanol (100

mL) for one hour, isolated by filtration, washed with methanol, and dried under vacuum at

60 °C. Finally, the product (4.5 g) was recrystallized from DMF, isolated by filtration, and

dried under vacuum to provide l-[4-amino-7-benzyloxy-2-(hydroxymethyl)-li7-

imidazo[4,5-e]quinolin- 1 -yl]-2-methylpropan-2-ol as a white solid, mp 284.5-285.5 °C.

Anal. Calcd. for C22H24N403 : %C, 67.33; %H, 6.16; %N, 14.28. Found: %C, 66.58; %H,

6.33; %N, 14.25.

Example 55

(4-Amino-7-benzyloxy-l#-imidaz

1 - {[3-Amino-7-(benzyloxy)quinolin-4-yl]amino} -2-methylpropan-2-ol, prepared

as described in Parts A and B ofExample 54, was treated according to the general method

The product, (7-benzyloxy-liy-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol, was

treated according to the general methods of Parts H and I ofExample 1 to provide (4-

aniino-7-benzyloxy-lff-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol as a white

powder, mp 254-257 °C.

ofPart G ofExample 1 with triethyl orthofomiate used in lieu of trimethyl orthobutyrate.
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Anal. Calcd. for C2iH22N4O2*0.5H2O: %C, 67.91; %H, 6.24; %N, 15.08. Found: %C,

68.38; %H, 5.98; %N?
15.15.

Example 56

(4-Amino-7-benzyloxy-2-ethoxymethyl-l#-imidazo[4,5 -c]quinolin-1 -yl)-

2-methylpropan-2-ol

1 - {[3-Amino-7-(benzyloxy)quinolin-4-yl]amino} -2-methylpropan-2-ol, prepared

as described in Parts A and B ofExample 54, was treated according to the general methods

described in Parts C and D ofExample 54 with ethoxyacetyl chloride used in lieu of

acetoxyacetyl chloride in Part C. The product, (7-benzyloxy-2-ethoxymethyl-li7-

imidazo[4 5
5-c]quinolin-l-yl)-2-methylpropan-2-ol ? was treated according to the general

methods ofParts F and G ofExample 54 to provide (4-amino-7-benzyloxy-2-

ethoxymethyl- 1//-imidazo[4 ,5-e]quinolin- 1 -yl)-2-methylpropan-2-ol as a white powder,

mp 215.1-215.5 °C.

Anal. Calcd. for C24H28N4O3: %C, 68.55; %H, 6.71; %N, 13.32. Found: %C, 68.52; %H,

6.71; %N, 13.30.
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Example 57

8-Benzyloxy-2-ethyM

Part A
5 The general procedure described in Part A ofExample 1 was used with the

following modification. A solution of4-benzyloxyaniline (100 g, 0.5 mol) in methanol

(150 mL) was used in lieu of a solution of3-benzyloxyaniline. The addition of this

solution was carried out over a period of one hour while maintaining the temperature

between 57-60 °C. The reaction product, 5 -
{[(4-benzyloxy)phenylimino)]methyl } -2,2-

10 dimethyl-[1,3]dioxane-4,6-dione (136.7 g) was isolated as a yellow powder.

*HNMR (300MHz, DMSO-^) : 8 1 1.23 (d, J= 15.2 Hz, 1H), 8.46 (d, J= 14.3 Hz, 1H),

7.53-7.30 (m, 7H), 7.10-7.04 (m, 2H), 5.13 (s, 2H), 1.66 (s, 6H).

PartB

A solution of 5-{[(4-benzyloxy)phenylimino)]methyl}-2,2-dimethyl-[l,3]dioxane-

15 4,6-dione (127.2 g, 0.360 mol) and DOWTHERM A heat transfer fluid (500 mL) was

heated to 100 °C and then slowly added to a flask containing DOWTHERM A heat

transfer fluid (1 L, heated at 250 °C) over a period of90 minutes. During the addition, the

reaction temperature was not allowed to fall below 245 °C. Following the addition, the

reaction was stirred at 250 °C for 30 minutes, and then allowed to cool to ambient

20 temperature. A precipitate formed, which was isolated by filtration, washed with diethyl

ether (1 L) and acetone (250 mL), and dried for two hours under vacuum in to provide 65.7

g of 6-benzyloxyquinolin-4-ol as a yellow powder.

*HNMR (300MHz, DMSO-rf^) : S 1 1 .72 (s, 1H), 7.84 (d, J= 7.3 Hz, 1H), 7.59 (m, 8H),

5.98 (d, J= 7.0 Hz, 1H), 5.18 (s, 2H).

25 PartC

The general method described in Part C ofExample 1 was followed using 6-

benzyloxyquinolin-4-ol (65.7 g, 0.261 mol) in lieu of 7-benzyloxyquinolin-4~ol. The
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reaction precipitate was isolated by filtration; washed with propionic acid (600 mL),

isopropanol (500 mL) and diethyl ether (500 mL); and dried for two days under vacuum to

provide 46.01 g of 6-benzyloxy-3-nitroquinolin-4-ol as a tan powder, containing 5% 6-

benzyloxyquinolin-4-ol.

lKNMR (300MHz, DMSO-cfc) : 8 12.98 (s, 1H), 9.12 (s, 1H), 7.75 (d, J= 3.3 Hz, 1H),

7.70 (d, J= 8.6 Hz, 1H), 7.53-7.30 (m, 6H), 5.25 (s, 2H).

PartD

The general method described in Part D ofExample 1 was used to convert 6-

benzyloxy-3-nitroquinolin-4-ol (13.26 g, 44.7 mmol) to 13.74 g of 6-benzyloxy-4-chloro-

3-nitroquinoline, which was isolated as a tan solid.

XHNMR (500MHz, DMSO-d0 : 5 9.23 (s, 1H), 8.16 (d, J= 9.1 Hz, 1H), 7.80 (dd, J= 9.1,

2.8 Hz, 1H), 7.76 (&,J=2.1 Hz, 1H), 7.57-7.53 (m, 2H), 7.45-7.34 (m, 3H), 5.39 (s, 2H).

Part E

Methylamine (available as a 40% solution in water, 21 mL, 0.25 mol) was added to

a suspension of 6-benzyloxy-4-chloro-3-nitroquinoline (13.74 g, 43.65 mmol) in distilled

water (300 mL), and the reaction was stirred at 100 °C for 1.5 hours. The reaction was

allowed to cool to ambient temperature and stirred for three hours. A precipitate formed,

which was isolated by filtration, washed with distilled water (3 x), and recrystallized from

2-propanol (44.2 mL/g). The crystals were isolated by filtration and washed with cold

hexanes (2 x 100 mL) to provide 1 1 .36 g ofjV-(6-benzyloxy-3-nitroquinolin-4-yl)-7V-

methylamine as orange crystals.

PartF

The general method described in Part B ofExample 46 was followed using A^-(6-

benzyloxy-3-nitroquinolin-4-yl)-AT-methylamine (1 1.36 g, 36.7 mmol) in lieu of (7-

benzyloxy-3-nitroquinolin-4-yl)-(2-phenoxyethyl)amine. 6-Benzyloxy-iV4-

methylquinoline-3,4-diamine (7.91 g) was obtained as a dark yellow oil and used without

purification.

Part G

The general method described in PartA ofExample 47 was followed using 6-

benzyloxy-A^-methylquinoline-3,4-diamine (7.91 g, 28.3 mmol) in lieu of 7-benzyloxy-iV4-

(2-phenoxyethyl)quinoline-3,4-diamine and triethyl orthopropionate (12.69 mL, 56.6

i
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mmol) in lieu oftrimethyl orthovalerate. The precipitate from the reaction was isolated in

two crops to provide 7.56 g of 8-benzyloxy-2-ethyl- 1-methyl-liT-imidazo[4,5-c]quinoline

as a yellow solid, mp 168.2-169.0 °C.

PartH

5 A modification of the general method described in Part B ofExample 3 was

followed. mCPBA (60% pure, 1 .39 g, 47.3 mmol) was added in portions to a solution of

8-benzyloxy-2-ethyH-methyl-l//-imidazo[4
95-c]quinoline (1.5 g, 47 mmol) in chloroform

(75 mL), and the reaction was stirred for 5.5 hours. During the work-up, the combined

aqueous washings were extracted with dichloromethane, and the product precipitated from

10 solution. The combined dichloromethane and chloroform solutions were concentrated

under reduced pressure until crystals formed and then allowed to stand overnight. The

crystals were isolated by filtration. The aqueous solution was extracted with chloroform,

and the combined extracts were washed with water (2 x) and concentrated under reduced

pressure to a small volume. Hexanes were added, and the resulting crystals were isolated

15 by filtration. The mother liquor was concentrated under reduced pressure to afford a solid

that was recrystallized from 2-propanol. The three batches of crystals were combined to

yield 1 .30 g of 8-benzyloxy-2-ethyl-l-methyl^

Parti

A modification ofthe general method ofPart C ofExample 3 was used.

20 Chloroform (10 mL) was added to the solution of 8-benzyloxy-2-ethyl- 1 -melhyl-5-oxido-

li/-imidazo[4,5-c]quinoline (1.30 g, 3.90 mmol) in dichloromethane (35 mL) to improve

the solubility. After the addition of trichloroacetyl isocyanate (0.633 mL, 5.31 mmol), the

reaction was stirred for 3.5 hours. In the second step, chloroform (10 mL) was also added

to the suspension in methanol (30 mL). After the reaction with sodium methoxide, the

25 reaction was stirred over two nights, and the precipitate was isolated by filtration, washed

with hexanes, recrystallized from methanol (278 mL/g), isolated by filtration, washed with

hexanes, and dried for two days in a vacuum oven. A second crop of crystals from the

mother liquor was combined with the first to provide 0.95 g of 8-benzyloxy-2-ethyl- 1 -

methyHi^imidazo[4,5-c]quinolin-4-amine as a white cystalline solid, mp 238.4 - 238.9

30 °C.
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!H NMR (300 MHz, DMSO-d6) 5 7.66 (d, J = 2.7 Hz, 1H), 7.53 (m, 3H), 7.44-7.34 (m,

3H), 7.17 (dd, J =9.1, 2.7 Hz, 1H), 6.17 (s
3
2H) 5.24 (s, 2H), 4.07 (s, 3H), 2.94 (q, / = 7.5

Hz, 2H), L33 (t, J= 7.5 Hz 3 3H);

13CNMR(75 MHz, DMSO-d6) S 154.5, 153.0, 150.6, 140.0, 137.8, 133.4, 128.8, 128.1,

5 127.7, 126.8, 116.9, 115.6, 103.5, 70.1, 20.4, 12.2;

MS (EI) m/z 332.1630 (332.1637 calcd for C2oH2oN40);

Anal. Calcd. for C2oH2oN400.4 H2Or %C, 70.73; %H, 6.16; %N, 16.50. Found: %C,

70.56; %H, 6.12; %N, 16.44.

10 Example 58

8-Ben^yloxy~2-(2-methoxyethyl)- 1-methyl- 1iWmidazo[4,5-c]quinolin-4-amine

Part A

Under a nitrogen atmosphere, a solution of e-benzyloxy-A^-methylquinoline-S^-

15 diamine (7.88 g, 28.2 mmol), prepared as described in Parts A-F ofExample 57, in

dichloromethane (300 mL) was cooled to ~0 °C; triethylamine (4.2 mL, 30.3 mmol) was

added. Methoxypropionyl chloride (3.3 mL, 30.6 mmol) was added dropwise over a

period of five minutes, and the reaction was stirred at ambient temperature for 90 minutes.

The volatiles were removed under reduced pressure, and the residue was dissolved in

20 ethanol (300 mL) and triethylamine (13 mL) and heated at 75 °C over two nights. The

volatiles were removed under reduced pressure, and the residue was dissolved in

chloroform. The resulting solution was washed with deionized water (3 x 200 mL) and

concentrated under reduced pressure. Small volumes ofhexanes and dichloromethane

were added, and a white precipitate formed, which was isolated by filtration and washed

25 with hexanes to provide 3 .76 g of 8~benzyloxy-2-(2-methoxyethyl)- 1 ~methyl-lH-

imidazo[4,5-c]quinoline as a white solid.

PartB
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The general method described in Part B ofExample 3 was used to convert 8-

benzyloxy-2-(2-methoxyethyl)-l-methyl-li7-imidazo[4,5-c]quinoline (2.0 g, 5.8 mmol) to

8-benzyloxy-2-(2-methoxyethyl)- 1 -memyl-5-oxido-l.tf-inndazo[4,5-c]qumoline, which

was obtained as a light-orange solid and used without purification.

PartC

The general method described in Part C ofExample 3 was used to convert 8-

benzyloxy-2-(2-methoxyethyl)-l-methyl-5-oxido-l JfiT-imidazo[4
55-c]quinohne(2.09 g,

5.76 mmol) to 8-benzyloxy-2-(2-methoxyemyl)-l-methyl-liy-imidazo[4,5-c]quinolin-4-

amine. The crude product (1 .6 g) was recrystallized from methyl acetate (3 L). The

solution was concentrated under reduced pressure to a volume of 600 mL, and the

resulting first crop of crystals was isolated by filtration and dried in a vacuum oven. The

mother liquor was concentrated under reduced pressure to a volume of300 mL, and the

resulting second crop of crystals was isolated by filtration. The combined crops provided

0.91 g of 8-benzyloxy-2-(2-methoxyethyl)-l-methyl-l^-imidazo[4,5-c]quinolin-4-amine

as an off-white powder, mp 192-194 °C.

JHNMR (300 MHz, DMSO-d6) 6 7.67 (d, J = 2.7 Hz, 1H), 7.57-7.51 (m, 3H), 7.44-7.34

(m, 3H), 7.18 (dd, J = 9.1, 2.7 Hz, 1H), 6.27 (s, 2H), 5.25 (s, 2H), 4.09 (s, 3H), 3.78 (t,J =

6.7 Hz, 2H), 3.29 (s, 3H), 3.19 (t, J - 6.7 Hz, 2H);

13C NMR (300 MHz, DMSO-d6) 152.7, 151.0, 150.0, 139.2, 137.4, 133.0, 128.4, 127.7,

127.6, 127.1, 126.5, 116.7, 115.1, 103.1, 70.0, 69.6, 58.0, 33.1, 27.2;

MS (EI) m/z 362.1734 (362.1743 calcd for C21H22N4O2);

Anal. Calcd. for CaiH^CVO^ H20: %C, 68.24; %H, 6.22; %N, 15.16. Found: %C,

68.40; %H, 6.13; %N, 15.06.

Example 59

8-Benzyloxy-2-butyl-l-methyl-l JH-imidazo[4,5-c]quinolin-4-amine
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Part A
The general method described in Part A ofExample 47 was followed using 6-

benzyloxy-TS^-methylquinoline-S^-diamine (1.53 g, 5.48 mmol), prepared as described in

Parts A-F ofExample 57, in lieu of 7-benzyloxy-iV
4-(2-phenoxyethyl)quinoline-3,4-

5 diamine. The reaction was heated at reflux for three days. The precipitate from the

reaction was isolated by filtration, and the filtrate was concentrated under reduced

pressure. The residue was purified by column chromatography on silica gel (eluting

sequentially with 98:2 dichloromethane:methanol and 97:3 dichloromethane:methanol).

The reaction precipitate and chromatographed product together yielded 0.89 g of 8-

10 benzyloxy-2-butyl-l-methyl-lH-imidazo[4,5-c]quinoline as a brown solid.

PartB

A modification of the general method described in Part B ofExample 3 was

followed to convert 8-benzyloxy-2-butyl-l-methyl-li/-imidazo[4,5-c]quinoline (0.500 g,

1.44 mmol) to 0.50 g of 8-benzyloxy-2-butyl-l-methyl-5-oxido-lfl-imidazo[4,5-

15 c]quinoline. The reaction was complete in one hour, and the product was dried overnight

under high vacuum.

PartC

The general method described in Part C ofExample 3 was used to aminate 8-

benzyloxy-2-butyl-l-methyl-5-oxido-lH-imidazo[4,5-c]quinoline (0.50 g, 1.4 mmol). The

20 solid isolated from the reaction was recrystallized from methanol to provide 0.32 g of 8-

benzyloxy-2-butyl-l-methyl-li7-imidazo[4,5-c]quinolin-4-amine as a white solid, mp

197.9-199.1 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.65 (d, J= 2.7 Hz, 1H), 7.55 (d, J= 9.3 Hz, 1H), 7.52

(d, J= 7.2 Hz, 2H), 7.41-7.31 (m, 3H), 7.19 (dd, J= 9.0, 2.7 Hz, 1H), 6.28 (s, 2H), 5.24 (s,

25 2H), 4.06 (s, 3H), 2.91 (t, J = 7.2 Hz, 2H), 1 .73 (pentet, J= 7.5 Hz, 2H), 1.42 (sextet, J=

7.5 Hz, 2H), 0.94 (t, J= 7.5 Hz, 3H);

13CNMR(75 MHz, DMSO-d6) 5153.6, 153.0, 150.5, 139.7, 137.8, 133.4, 128.8, 128.14,

128.08, 127.5, 126.8, 116.9, 115.5, 103.5, 70.0, 33.3, 29.8, 26.6, 22.2, 14.1;

MS (EI) mlz 360.1960 (calcd for C22H24N4O 360.1950);

30 Anal. Calcd. for C22H24N40: %C, 73 .3 1 ; %H, 6.7 1 ; %N, 15.54. Found: %C, 73 .08; %H,

6.62; %N, 15.33.
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Example 60

8-Benzyloxy-2-[2-methox^

Part A
The method described in Part B ofExample 46 was used to convert 7V-(6-

benzyloxy-3-nitroquinolin-4-yl)-iV"-methylamine (9.9 g, 32 mmol), prepared as described in

Parts A-E ofExample 57, to 6-benzyloxyrA^-methylqmnoline-3,4-diamine with the

exception that ethanol was used as the solvent.

PartB

Under a nitrogen atmosphere, a solution of the material from Part A and

triethylamine (5.02 g, 49.6 mmol) in dichloromethane was cooled to -0 °C, and

methoxyethoxyacetyl chloride (6.99 g, 45.8 mmol) was slowly added. The reaction was

allowed to warm to room temperature and stirred until analysis by TLC indicated the

disappearance of starting material. The solvent was removed under reduced pressure, and

the residue was mixed with toluene and heated at reflux using a Dean-Stark trap. The

toluene was removed under reduced pressure, and the residue was partitioned between

dichloromethane and water. The organic layer was washed with water (2 x 100 niL) and

brine (200 mL), dried over magnesium sulfate, filtered, and concentrated under reduced

pressure. The crude product was purified by column chromatography on silica gel (eluting

with 95:5 ethyl acetatemethanol). The reaction was found to be incomplete, and the

product mixture was dissolved in toluene. Pyridine hydrochloride was added, and the

reaction was heated at reflux until analysis by TLC indicated the reaction was complete.

The work-up and purification described above was repeated to provide 6.3 g of 8-

benzyloxy-2-[2-methoxy(ethoxymethyl)]-l -methyl-l^-imidazo[4
35-c]quinoline as a solid,

mp 128-132 °C.
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PartC

A modification of the general method described in Part B ofExample 3 was

followed using 8-benzyloxy-2-[2-methoxy(ethoxymethyl)]-l-methyl-lif-imidazo[4,5-

ejquinoline (5.4 g, 14mmol) in lieu of 7-benzyloxy-2-memyl-l-(2-methylpropyl)-li7-

imidazo[4,5-c]quinoline. Dichloromethane (100 mL) was used as the solvent, and after

three hours an analysis by TLC indicated the reaction was incomplete. Additional

mCPBA (0.5 equivalents) was added, and the reaction was terminated after one additional

hour. After the work-up the product was purified by column chromatography on silica gel

(eluting with 90:10 dichloromethane:methanol to provide 1.5 g of 8-benzyloxy-2-[2-

methoxy(ethoxymethyl)]-l-methyl-5-oxido-l/f-imidazo[4,5-c]quinoline as an oil.

PartD

The modification ofPart C ofExample 3 described in Part E ofExample 48 was

used to convert 8-benzyloxy-2-[2-methoxy(ethoxymethyl)]-l-methyl-5-oxido-li7-

imidazo[4,5-c]quino!ine (1.4 g, 3.6 mmol) to 0.6 g of 8-benzyloxy-2-[2-

methoxy(ethoxymethyl)]-l-methyl-liy-imidazo[4,5-c]quinolin-4-amine, which was

obtained as off-white needles, mp 159-162 °C;

:HNMR (300 MHz, DMSO) 5 7.67 (d, J= 1.1 Hz, 1H), 7.53 (m, 3H), 7.37 (m, 3H), 7.20

(dd, J= 9.1, 2.8 Hz, 1H), 6.36 (s, 2H), 5.25 (s, 2H), 4.80 (s, 2H), 4.14 (s, 3H), 3.63 (m,

2H), 3.48 (m, 2H), 3.23 (s, 3H);

MS (APCQ m/z 393 (M + H)+ ;

Anal. Calcd. for 022^4^03*0.5 H20: %C, 65.82; %H, 6.27; %N, 13.95. Found: %C,

65.97; %H, 5.97; %N, 13.70.

Examples 61-66

Part A
A solution of 8-benzyloxy-2-butyl-l -methyl- l#-imidazo[4,5-c]qumolin-4-amine

(14.65 g, 42.4 mmol), prepared as described in Parts A-C ofExample 59, in ethanol (1.2

L) was added to 10% palladium on carbon (6.77 g, 63.6 mmol) and a small amount of

ethanol in a Parr vessel. The reaction was placed under hydrogen pressure (50 psi, 3.4 x

10
5
Pa) for 3.5 hours. The catalyst was removed by filtration and washed with ethyl

acetate. The filtrate was concentrated under reduced pressure to a small volume. Hexanes
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were added, and the resulting mixture was allowed to stand overnight in a refrigerator.

Crystals formed and were isolated by filtration, washed with hexanes (500 mL), and dried

for three days under high vacuum to provide 9.40 g of 2-butyl-l -methyl- l//-imidazo[4,5-

e]quinolin-8-ol as a white solid, mp 219-220.2 °C.

5
!H NMR (300MHz, DMSOrf*) : 5 9.99 (s, 1H), 8.89 (s, 1H), 7.97 (d, /= 9.0 Hz, 1H),

7.73 (d, J= 2.5 Hz, 1H), 7.21 (dd, J= 9.0, 2.7 Hz, 1H), 4.13 (s, 3H), 2.94 (t, J= 7.6 Hz,

2H), 1.79 (quintet, J= 7.6 Hz, 2H), 1.44 (sextet, J~ 7.4 Hz, 2H), 0.95 (t, J= 7.3 Hz, 3H).

MS (APCI) m/z 256 (M+H)+;

Anal. Calcd. for Ci 5H17N30: %C, 70.56; %H, 6.71; %N, 16.46. Found: %C, 70.60; %H,

10 6.65; %N, 16.38.

PartB

Under a nitrogen atmosphere, a 0.08 M solution of 2-butyl- 1 -methyl-IH-

imidazo[4,5-c]quinolin-8-ol (1 equivalent, -1 g) in DMF was heated at 85 °C until it was

homogeneous. Solid cesium carbonate (2 equivalents) was heated, and the reaction was

15 stirred at 85 °C for 20-40 minutes. The heat was removed, and a solution of the alkyl

bromide indicated in the table below (1.2 equivalents) in DMF (5-10 mL) was added. The

reaction was stirred at 85 °C for between two and 45 hours or until an analysis by TLC

indicated the starting material was consumed. Optionally, methanol (1-2 mL) was added,

and the reaction mixture was filtered to remove solids. The volatiles were removed under

20 reduced pressure, and the residue was dissolved in ethyl acetate. The resulting solution

was washed with water and concentrated under reduced pressure to provide a solid.

PartC

Over a period of20 minutes, mCPBA (1 equivalent, 65% pure) was added in four

portions to a 0.05-0.1 M solution of the material from Part B (1 equivalent) in chloroform.

25 For Example 61, a 1.5:1 mixture of chloroform and DMF was used as the solvent. The

reaction was stirred at ambient temperature for between four and 28 hours, and optionally

additional mCPBA was added in small portions until an analysis by TLC indicated that the

starting material was consumed. The solution was then washed with saturated aqueous

sodium bicarbonate and concentrated under reduced pressure. For Example 66, the

30 reaction product was purified by column chromatography on silica gel (eluting with 90: 10

»
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dichloromethane:methanol). A description of the last step in the synthesis, the

purification, and the characterization for each Example follows the table.

NH
2

R'°

Example Alkyl bromide R

61 {4-[(6-

Bromohexyl)oxy]butyl}benzene

62 1-Bromo-3-phenylpropane ^^^^^

63 4-(Trifluoromethoxy)benzyl

bromide

64 o^Bromo-ra-tolunitrile

65 3-Methoxybenzyl bromide o—

66 (1 -Bromoethyl)benzene

5 For examples 61, 64, and 66, the product was purified by preparative high-

performance liquid chromatography (prep HPLC) with fraction collection byUV
triggering. The prep HPLC fractions were analyzed using a Micromass Platform LC/MS,

and the appropriate fractions were centrifuge evaporated to provide the trifhioroacetate salt

of the desired compound. Prep HPLC separations were done by reversed phase

10 chromatography with Phenomenex LUNA C 1 8(2) columns. The mobile phase was a
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gradient mixture ofwater and acetonitrile (0.05% trifluoroacetic acid in each). Separation

conditions are shown in the table below.

Example
Column

Dimensions

Particle

Size
Flow Gradient

61 21.2x60 mm 10 |nm 30 mL/min 5 to 95% acetonitrile in 20 min

64 10 x 50 mm 5 jam 16 mL/min 5 to 95% acetonitrile in 6.5 min

66 10 x 50 mm 5 jam 16 mL/min Various acetonitrile gradients

5 Example 61

2-Butyl- 1 -methyl-8- {[6-(4-phenylbutoxy)hexyl]oxy}-liy-imidazo[4 55-c]quinolin-4-amine

trifluoroacetate

Under a nitrogen atmosphere, trichloroacetyl isocyanate (0.9 mL, 7 mmol) was

added dropwise to a solution of 2-butyl-l-methyl-5-oxido-8-{[6-(4-

10 phenylbutoxy)hexyl]oxy}-l^T-imidazo[4,5-c]quinoline (2.5 g, 5.0 mmol) in anhydrous

dichloromethane (45 mL). The reaction was stirred for five hours, and then four drops of

ammonium hydroxide (7% by weight in methanol) were added. The reaction was stirred

overnight, and most of the volatiles were removed under reduced pressure. Diethyl ether

was added to the remaining solution, and a solid precipitated. The solid was purified by

15 prep HPLC as described above to provide an oil, which was dissolved in methanol. The

resulting solution was filtered and concentrated under reduced pressure to provide 43.8 mg

of2-butyl-l-methyl-8-{[6-(4~phen^

amine trifluoroacetate as a white wax.

lUNMR (500 MHz, DMSO-d6) 8 13.56 (s, 1H), 8.71 (s, 2H), 7.74 (d, J= 9.0 Hz, 1H),

20 7.69 (d, J= 3.0 Hz, 1H), 7.36 (dd, J= 9.0, 3.0 Hz, 1H), 7.25-7.22 (m, 2H), 7.15-7.11 (m,

3H), 4.18 (s, 3H), 4.14 (t, J= 6 Hz, 2H), 3.35 (t, J- 6.5 Hz, 2H), 3.34 (t, J= 6.5 Hz, 2H),

2.99 (t, J- 7.5 Hz, 2H), 2.57 (m, 2H), 1.79-1.73 (m, 4H), 1.59-1.33 (m, 12H), 0.96 (t, J=

7.5 Hz, 3H);

MS (EI) mlz 503.3404 (503.3386 calcd for C31H42N4O2).
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Example 62

2-Butyl-l-methyl-8-(3-p^

A modification of the general method described in Part C ofExample 3 was

followed using 2-butyl- 1-methyl-5~oxido-8-(3-phenylpropoxy)- li7--imidazo[4,5~

5 c]quinoline (0.360 g, 0.924 mmol) as the starting material. Following the reaction with

sodium methoxide, the reaction product was collected in two crops. The first crop was

purified by column chromatography on silica gel (eluting with 90: 10

dichloromethane:methanol) to provide 17.6 mg of2-butyl-l-methyl-8-(3-phenylpropoxy)-

l/f-imidazo[4
;>
5-c]quinolin-4-amine as a light-yellow solid.

10 *H NMR (300 MHz, DMSO-d6) 57.59 (d, J— 2.4 Hz, 1H), 7.55 (d, J= 9.3 Hz, 1H), 7.27

(m, 5H), 7.14 (dd, J= 9.0, 2.7 Hz, 1H), 6.36 (br s, 2H), 4. 1 1 (t, 6.6 Hz, 2H) 5 4,09 (s,

3H), 2.92 (t, J= 7.8 Hz, 2H), 2.79 (t, J= 7.5 Hz, 2H), 2.05 (pentet, J= 8.1, 2H), 1.73

(pentet, J= 8.1, 2H), 1.43 (sextet, J= 7.2 Hz, 2H), 0.94 (t, 7.2 Hz, 3H);

13C NMR (75 MHz, DMSO-d6) 5153.4, 153.3, 150.5, 141.8, 139.8, 133.3, 128.7, 128.6,

15 127.7, 126.8, 126.1, 116.6, 115.7, 103.0,67.4,33.3,32.0,30.9,29.8,26.6,22.2,14.1;

MS (APCI) m/z 389 (M + H)
+

.

Example 63

2-Butyl-l-methyl-8-{[4-(trifluoromethoxy

20
(

amine

The general method described in Example 61 was followed using 2-butyl- 1-

methyl-8-{[4-(trifluoromethoxy)benzyl]oxy}-5-oxido-lH-imidazo[4,5-c]quinoline (0.380

g, 0.853 mmol) in lieu of2-butyl-l-methyl-5-oxido-8-{[6-(4-phenylbutoxy)hexyl]oxy}-

1/f-imidazo[4,5-c]quinoline. The crade product was purified by column chromatography

25 on silica gel (eluting with 90:10 dichloromethane:methanol) to provide 93.9 mg of 2-butyl-

1-methyl-8- {[4-(trifluoromethoxy)benzyl]oxy> - liJ-imidazo[4,5-c]qumolin-4-arnine as a

white powder, mp 219.4 -220.2 °C.

'HNMR (300 MHz, DMSO-d6) 5 7.65 (d, J= 2.2 Hz, 2H), 7.64 - 7.62 (m, 1H), 7.54 (d, J
= 9.3 Hz, 1H), 7.42 (d, J= 0.8 Hz, 1H), 7.40 (d, J= 0.8 Hz, 1H), 7.19 (dd, J= 9.6, 3 Hz,

30 1H), 6.22 (s, 2H), 5.28 (s, 2H), 4.07 (s, 3H), 2.91 (t, J= 7.5 Hz, 2H), 1 .75 (pentet, J= 7.2

Hz, 2H), 1.42 (sextet, /= 7.5, 2H), 0.94 (t, J= 7.2 Hz, 3H),
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MS (EI) m/z 445.1841 (445.1851 calcd. for C23H23F3N4O2).

Example 64

3- {[(4-Amino-2-butyl- 1 -methyl-liWmidazo[4 7
5-c]qumo^

5 trifluoroacetate

Under a nitrogen atmosphere, ammonium hydroxide (10 mL) was added to a

solution of 3- {[(4-amino-2-butyl- 1-methyl-5-oxido-lif-imidazo[4,

5

-c]quinolin-8-

yl)oxy]methyl}benzonitrile (0.490 g, 1 .26 mmol) in anhydrous dichloromethane (46 mL),

and the reaction was cooled to 0 °C and stirred rapidly. />-Toluenesulfonyl chloride (0.241

10 g, 1.26 mmol) was added, and the reaction was allowed to warm slowly and stirred for

three days. A precipitate was present in the reaction. Water was added, and the mixture

was stirred for four hours. The precipitate was isolated by filtration, washed with water,

recrystallized from methanol, and dried in a vacuum oven overnight. The solid was further

purified by prep HPLC as described above to provide 41.8 mg of 3-{[(4-amino-2-butyl-l-

1 5 methyl- lii-imidazo[4,5 -c]quinolin-
8-yl)oxy]methyl}bcnzonitrile trifluoroacetate as a

white powder.

lUNMR (300 MHz, DMSO-d6) 6 8.72 (br s, 1H), 7.99 (br s, 1H), 7.86 (m, 2H), 7.81 (d, J

= 2.7 Hz, 1H), 7.77 (d, J= 9.3 Hz, 1H), 7.65 (t, J= 7.5 Hz, 1H), 7.48 (dd, J= 9.0, 2.7 Hz,

1H), 5.37 (br s, 2H), 4.16 (s, 3H), 2.99 (t, J= 7.5 Hz, 2H), 1.76 (pentet, J- 7.8 Hz, 2H),

20 1.44 (sextet, J— 7.5 Hz, 2H), 0.95 (t, J= 7.5 Hz, 3H);

13CNMR(125 MHz, DMSO-d6) 5157.0, 155.0, 148.2, 138.8, 135.6, 132.8, 132.2, 131.4,

130.2, 124.7, 120.4, 119.0, 118.8, 114.2, 111.9, 105.7, 69.0, 33.8, 29.5, 26.6, 22.1, 14.1;

MS (EI) m/z 385.1910 (385.1903 calcd for C23H23N5O).

25 Example 65

2-Butyl-8-[(3-inethoxybenzyl)^^

The general method described in Example 61 was followed using 2-butyl-l-

methyl-8-[3'(methoxybenzyl)oxy]-5-oxido-l/f-imidazo[4,5-c]quinoline (0.420 g, 1.07

mmol) in lieu of 2-butyl-l-methyl-5-oxido-8-{[6-(4-phenylbutoxy)hexyl]oxy}-li?-

30 imidazo[4,5~c]quinoline. The crude product was purified by column chromatography on

silica gel (eluting with 90:10 dichloromethane-.methanol) to provide 34 mg of 2-butyl-8-[3-
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(methoxybenzyl)oxy]-l-methyl-li7-imidazo[4,5-c]quinolin-4-amine as a white solid, mp

191.6-192.5 °C.

'HNMR (300 MHz, DMSO-d6) 8 7.65 (d, J= 3.3 Hz, 1H), 7.53 (d, J= 8.7 Hz, 1H), 7.32

(t, J= 8.7 Hz, 1H), 7.16 (dd, J= 9.3, 3.0 Hz, 1H), 7.09 (s, 1H), 7.07 (s, 1H), 6.90 (dd, J=

5 7.2, 1.8 Hz, 1H), 6.21 (s, 2H), 5.21 (s, 2H), 4.06 (s, 3H), 3.76 (s, 3H), 2.91 (t, ./= 7.2 Hz,

2H), 1.75 (pentet, J= 6.9 Hz, 2H), 1.45 (sextet, /= 6.9 Hz, 2H), 0.94 (t, J= 7.5 Hz, 3H);

13C NMR (75 MHz, DMSO-d6) 5 160.7, 154.6, 154.0, 151.4, 140.3, 134.3, 130.7, 128.2,

120.8, 117.7, 116.2, 114.3, 114.2, 104.2, 70.3, 55.8, 33.5, 30.0, 26.8, 22.4, 14.2;

MS (EI) m/z 391.2131 (391.2134 calcd for C^eN^a);

10 Anal. Calcd. for C^Has^Cfc-O.g H20: %C, 68.23; %H, 6.87; %N, 13.84. Found: %C,

68.40; %H, 6.63; %N, 13.75.

Example 66

2-Butyl-l-methyl-8-(l-phenylethoxy)-l/f-imidazo[4,5-c]quinolin-4-amine trifluoroacetate

15 The general method described in Example 61 was followed using 2-butyl- 1-

methyl-5-oxido-8-(2-phenylethoxy)-17/-imidazo[4,5-c]quinoline (0.150 g, 0.399 mmol) in

lieu of 2-butyl- 1 -methyl-5-oxido-8- {[6-(4-phenylbutoxy)hexyl]oxy} - 1i7-imidazo [4,5-

cjquinoline. The crude product was purified by prep KPLC as described above to provide

100mgof2-butyl-l-methyl-8-(l-phenylethoxy)-l JST-imidazo[4,5-c]quinolin-4-amine

20 trifluoroacetate as a white powder, mp 183.4-184.20 °C.

XHNMR (500 MHz, DMSO-d6) 5 8.60 (br s, 2H), 7.68 (d, J= 9.0 Hz, 1H), 7.63 (d, J= 2.7

Hz, 1H), 7.49 (d, J= 6.9 Hz, 2H), 7.4-7.24 (m, 4H), 5.72 (q, J= 6.0 Hz, 1H), 4.02 (s, 3H),

2.96 (t, J= 7.8 Hz, 2H), 1.75 (pentet, J= 7.2 Hz, 2H), 1.64 (d, 6.0 Hz, 3H), 1.42

(sextet, J= 7.2 Hz, 2H), 0.95 (t, J= 7.2 Hz, 3H);

25 13C NMR (125 MHz, DMSO-d6) 5 156.5, 154.0, 147.6, 142.5, 135.1, 128.6, 127.9, 127.6,

125.7, 124.1, 119.7, 119.3, 113.6, 106.0, 75.6, 33.3,28.9, 26.1,24.1,21.7, 13.6;

MS (ESI) m/z 375.2205 (375.2185 calcd for C^Hze^O, M + H).
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Example 67

8~Benzyloxy-l-(2-methylpropyl>l^

Part A
The general method described in Part E ofExample 1 was used to convert 6-

benzyloxy-4-chloro-3-ni1xoquinoline (16.0 g, 50.8 mmol), prepared as described in Parts

A-D ofExample 57, to 16.7 g of (6-benzyloxy-3-nitroquinolin-4-yl)-(2-

methylpropyl)amine. The reaction was complete in 30 minutes, and the product was

obtained as an orange solid.

PartB

A modification of the general procedure described in Part B ofExample 46 was

followed using (6-benzyloxy-3-nitroquinolin-4-yl)-(2-methylpropyl)amine (4.6 g, 14

mmol) in lieu of (7-benzyloxy-3-nitroquinolin-4-yl)-(2-phenoxyethyl)amine. The reaction

was maintained under hydrogen pressure for four hours, and the reaction mixture was

filtered through a layer ofCELITE filter aid. After the filter cake was washed with

toluene, the filtrate was concentrated to a volume of 100 mL.

PartC

Triethyl orthoformate (2.55 g, 17.2 mmol) and a catalytic amount ofpyridine

hydrochloride were added to the solution from Part B. The reaction was heated at reflux

for five hours, allowed to cool to room temperature, and stirred overnight. The reaction

mixture was then cooled, and a precipitate formed. The precipitate was isolated by

filtration and washed with hexanes to provide 3.74 g of 8-benzyloxy- 1 -(2-methylpropyl)-

1//-imidazo[4,5~c]quinoline as a pale yellow solid, mp 129-133 °C.

PartD

The general method described in Part B ofExample 3 was followed using 8-

benzyloxy-l~(2-methylpropyl)-li/4midazo[4,5^]quinoline (2.1 g, 6.3 mmol) in lieu of 7-

benzyloxy-2-methyl-l-(2^methylpropyl)-l/y-imidazo[4,5-c]quinoline. After the work-up,
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2.16 g of 8-benzyloxy-l-(2-methylpropyl)-5-ox^ were

obtained as a white solid and used without purification.

PartE

A modification of the general method described in Part C ofExample 3 was

5 followed using 8-benzyloxy-l-(2-methylpropy^ (2.0

g, 5.8 mmol) as the starting material. The reaction with trichloroacetyl isocyanate was not

complete after one hour as evidenced by a TLC analysis. Additional trichloroacetyl

isocyanate (0.1 equivalent) was added, and the reaction was stirred for an additional hour.

Following the reaction with sodium methoxide, the solid product was isolated by filtration

10 and recrystallized from ethanol. The crystals were dried overnight in a vacuum oven at 45

°C to provide 1.6 g of 8-benzyloxy-l-(2-methylpropyl)-li/-^

amine as a white solid, mp 214-216 °C.

*H NMR (300 MHz, DMSO) 5 8.15 (s, 1H), 7.56 (d, 1H), 7.40 (m, 6H), 7.20 (dd, J= 9.0,

2.6 Hz, 1H) 5
6.37 (s, 2H), 5.24 (s, 2H), 4.37 (d, 7.3 Hz, 2H), 2.15 (m, 1H) 5 0.88 (d, J=

15 6.6Hz,6H);

MS (APCI) mlz 347 (M + H)
+

;

Anal. Calcd. for C2iH22N40: %C, 72.81; %H, 6.40; %N, 16.17. Found: %C, 72.74; %H,

6.32; %N, 16.11.

20 Example 68

8-Benzyloxy-2-ethoxymethyl-l-(2-me^

Part A
A modification ofthe general method described in Part B ofExample 67 was used

25 to reduce (6-benzyloxy-3-nitroquinolin-4-yl)-(2-methylpropyl)amine (10.6 g, 30.2 mmol),

which was prepared as described in Part A ofExample 67. The hydrogenation was

allowed to proceed for five hours. After the reaction, the toluene was removed under
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reduced pressure to provide 9.1 g of 6-benzyloxy-A/
4
-(2-methylpropyl)quinoline-3

?
4-

diamine as a brown oil.

PartB

Ethoxyacetyl chloride (3.81 g, 31.1 mmol) was slowly added to a chilled solution

5 of 6~benzyloxy-A^-(2-methylpropyl)quinoline~3
?4~diamine (9. 1 g, 28.3 mmol) in pyridine

(60 mL). The reaction was allowed to warm to ambient temperature and then heated at

reflux for three hours. The solvent was removed under reduced pressure, and the residue

was dissolved in dichloromethane (200 mL). The resulting solution was washed with

water (3 x 100 mL) and concentrated under reduced pressure. The concentrated solution

10 was passed through a layer of silica gel (eluting with dichloromethanermethanol 95:5) and

concentrated under reduced pressure to provide 3.6 g of 8-benzyloxy-2-ethoxymethyl-l-(2-

methylpropyl)-ljy-imidazo[4,5-c]quinoline as an oil.

PartC

A modification of the general method described in Part C ofExample 60 was used

15 to convert 8-benzyloxy-2-ethoxymethyl- 1 -(2-methylpropyl)- 177-imidazo[4,5-c]quinoline

(3.7 g, 9.4 mmol) to 2.6 g of 8-benzyloxy~2-ethoxymethyl- 1 -(2-methylpropyl)-5-oxido-

li^-imidazo [4,5-c]quinoline . The reaction was complete in three hours, and the product

was used without purification.

PartD

20 A modification of the general method described in Part C ofExample 3 was

followed using 8-benzyloxy-2»ethoxymethyl-l-(2-methylpropyl)-5-oxido-li^imidazo[4,5-

c]quinoline (2.6 g, 6.4 mmol) as the starting material and chloroform as the solvent. The

reaction with trichloroacetyl isocyanate was not complete after one hour as evidenced by a

TLC analysis. Additional trichloroacetyl isocyanate was added, and the reaction was

25 stirred overnight. Following the reaction with sodium methoxide, the solid product was

isolated by filtration and washed with methanol and a mixture of dichloromethane and

water. The solid was isolated by filtration and recrystallized from 2-methoxyethyl ether.

The crystals were dried under high vacuum to provide 8-benzyloxy-2-ethoxymethyl-l-(2-

methylpropyl)-li7-imidazo[4,5-c]quinolin-4-amine as a white solid, mp 183-184 °C.
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lH NMR (300 MHz, DMSO) 5 7.52 (d, «/= 7.0 Hz, 1H), 7.40 (m, 6H), 7.20 (dd, , </= 9.1,

2.6 Hz, 1H), 6.40 (s, 2H), 5.24 (s, 2H), 4.75 (s, 2H), 4.43 (d
5 J- 7.3Hz, 2H), 3.56 (q, J=

7.0, 2H), 2.24 (septet, J= 6.6 Hz, 1H), 1.15 (t, J= 7.0 Hz, 3H)
5
0.89 (d, 7= 6.6 Hz, 6H);

MS (APCI) m/z 405 (M +,H)
+

;

Anal. Calcd. for C24H28N4O: %C, 71.26; %H, 6.98; %N, 13.85. Found: %C, 70.96; %H,

6.79; %N, 13.54.

Example 69

8-Benzyloxy-2-methyl-l-[5^

NH0

A modification of the general method described in Part A ofExample 46 was

followed using 6-benzyloxy-4-chloro-3-nitroquinoline (10.5 g, 34 mmol), prepared as

described in Parts A-D ofExample 57, in lieu of 7-benzyloxy-4-chloro-3-nitroquinoline

and 5-amino- 1 -pentanol (3.5 g5 34 mmol) in lieu of 2-phenoxyethylamine. The reaction

was heated at reflux for two hours and then allowed to cool to ambient temperature slowly

and stirred overnight. An analysis by TLC indicated the presence of starting material, and

additional 5-amino- 1 -pentanol (0.2 equivalent) was added. The reaction was heated at

reflux until the reaction was complete as indicated by TLC. Following the work-up, the

crude product was purified by column chromatography on silica gel (eluting with 95:5

dichloromethane:methanol) to provide 5.95 g of 5-{[6-(benzyloxy)-3-mtroquinolin-4-

yl]amino}pentan-l-ol as a yellow solid.

Under a nitrogen atmosphere, thionyl chloride (1.7 mL5
23 mmol) was added to a

mixture of 5- {[6-(benzyloxy)-3-nitroquinolin-4-yl]amino}pentan- 1 -ol (5.95 g, 15.6 mmol)

and anhydrous dichloromethane (78 mL). The reaction became homogeneous and was

O

PartA

PartB
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heated at reflux for 1 .5 hours, at which time a yellow precipitate formed. The volatiles

were removed under reduced pressure, and the residue was partitioned between dilute

aqueous sodium carbonate (100 mL) and dichloromethane (150 mL). The aqueous layer

was washed with dichloromethane (50 mL), and the combined organic solutions were

5 washed with brine (50 mL), dried over sodium sulfate, filtered, and concentrated under

reduced pressure to provide 6.24 g of 6-benzyloxy-7V-(5-chloropentyl)-3~nitroquinolin--4-

amine as a yellow oil.

PartC

Under a nitrogen atmosphere, solid sodium thiomethoxide (1.38 g, 18.7 mmol,

1 0 95% pure) was added to a solution of 6-benzyloxy-iNT-(5-chloropentyl)-3-nitroquinolin-4-

amine (6.24 g, 15.6 mmol) in DMF. The reaction was stirred at ambient temperature for

30 minutes and then heated at 80 °C for one hour, at which time a yellow precipitate

formed. The reaction mixture was partitioned between water (390 mL) and

dichloromethane (150 mL). The aqueous layer was washed with dichloromethane (100

15 mL), and the combined organic fractions were washed with saturated aqueous sodium

bicarbonate (100 mL) and brine (100 mL), dried over sodium sulfate, filtered, and

concentrated under reduced pressure to provide a red oil. An analysis by nuclear magnetic

resonance spectroscopy indicated the presence of a large amount of starting material. The

reaction product was dissolved in DMF (78 mL), treated with sodium thiomethoxide, and

20 heated at reflux for two hours. The work-up described above was repeated, and the crude

product was purified by column chromatography on silica gel (eluting with 70:30 ethyl

acetateihexane) to provide 5.1 g of 6~benzyloxy-A^[5-(methylthio)pentyl]-3-nitroquinolin-

4-amine as a yellow oil.

PartD

25 A modification of the general method described in Part B ofExample 46 was

followed using 6-benzyloxy-iV-[5-(methylthio)pentyl]-3-nilToquinolin-4-amine (5.1 g, 12

mmol) in lieu of (7-benzyloxy-3-nitro-quinolin-4-yl)-(2-phenoxyethyl)amine. The

reaction was maintained under hydrogen pressure (49 psi, 3.4 x 10
5
Pa) for three hours.

The reaction mixture was filtered through a layer ofCELITE filter aid, and the filter cake

30 was washed with methanol (100 mL) and chloroform (50 mL). The filtrate was

concentrated under reduced pressure to provide 6-benzyloxy-iV
4
-[5

-
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(methyltWo)pentyl]quinoline-3
!>
4-diamine as a yellow oil, which was used without

purification.

Part E

Trimethyl orthoacetate (1.7 mL, 14 mmol) was added to a solution ofthe material

5 from Part D in toluene (41 mL). Pyridine hydrochloride (0.1 g) was then added, and the

reaction was heated at reflux for one hour. A Dean-Stark trap was used to collect the

volatiles. The reaction was allowed to cool to ambient temperature, and the solvent was

removed under reduced pressure. The crude product was purified by column

chromatography on silica gel (eluting with 95:5 dichloromethanemethanol) to provide

10 5.03 g of 8-benzyloxy-2-methyl- 1 -[5-(methylthio)pentyl]- l#4midazo[4,5-c]quinoline as a

white solid.

PartF

Over a period of 13 minutes, mCPBA (6.2 g, 27 mmol, 75% pure) was added in

portions to a solution of 8~ben2yloxy~2-methyl-l-[5-(methyltMo)pentyl]-li^-imidazo[4,5-

15 c]quinoline (3.3 g, 8.1 mmol) in chloroform (41 mL). The reaction was stirred for 15

minutes, and then a precipitate formed. Additional chloroform (41 mL) was added, but the

precipitate did not dissolve. Ammonium hydroxide (40 mL) and^-toluenesulfonyl

chloride were then added to the mixture, and the reaction was stirred for ten minutes. The

aqueous layer was washed with dichloromethane (2 x 50 mL), and the combined organic

20 solutions were concentrated under reduced pressure to yield a red, semi-solid. The solid

was purified by column chromatography on silica gel (eluting with 90: 10

dichloromethanermethanol) and recrystallized from methanol (80 mL/g) to provide 1 .4 g

of 8-benzyloxy-2-methyl- 1 -[5-(methylsulfonyl)pentyl]-l^/"-imidazo[4,5-c]quinolin-4-

amine as colorless needles, mp 215-217 °C.

25 *HNMR (300 MHz, DMSO-<4) 8 7.55 (d, J= 8.4 Hz, 1H), 7.51-7.33 (m, 6H), 7.17 (dd, J

= 8.7, 2.5 Hz, 1H), 6.23 (bs, 2H), 5.26 (bs, 2H), 4.45 (t, J= 7.2 Hz, 2H), 3.07 (t, J= 7.5

Hz, 2H), 2.89 (s, 3H), 2.59 (s, 3H), 1.81-1.65 (m, 4H), 1.50-1.40 (m, 2H);

MS (APCI) m/z 453 (M + H)+ ;

Anal. Calcd. for C24H28N4O3S: %C, 63.69; %H, 6.24; %N, 12.38. Found: %C, 63.76;

30 %H, 6.39; %N, 12.45.

-138-



WO 2005/020999 PCT/US2004/028021

Examples 70-73

Part A

A solution of 6-benzyloxy-4-chloro-3-nitroquinoline (14.47 g, 46.29 mmol),

prepared in Parts A-D ofExample 57, and triethylamine (8.4 mL, 60.2 mmol) in

dichloromethane (200 mL) was cooled to 0 °C. ^r/-Butyl iV-(4-aminobutyl)carbamate

(8.71 g, 46.3 mmol) was added; the reaction was stirred for 15 minutes at 0 °C and then

allowed to warm to ambient temperature and stirred for five hours. An analysis by TLC

indicated the presence of starting material; therefore, additional ter*-butyl JV-(4-

aminobutyl)carbamate (0.5 mL, 2.6 mmol) was added. The reaction was stirred overnight

and then washed with water (2 x 200 mL). The combined washings were extracted with

chloroform after the addition of sodium chloride. The combined organic solutions were

dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude

product was recrystallized from ethyl acetate (100 mL). The crystals were isolated by

filtration and washed with cold hexanes to provide 17.62 g of tert-bntyl [4-(6-benzyloxy-3-

nitroquinolin-4-ylamino)butyl]carbamate as an orange powder.

PartB

tert-Butyl [4-(6-benzyloxy-3-nitroquinolin-4-ylamino)butyl]carbamate (17.62 g,

37.77 mmol) was dissolved in toluene (600 mL) with heating and added to a Parr vessel

charged with 5% platinum on carbon (2.20 g). The vessel was placed under hydrogen

pressure (30 psi, 2.1 x 10
5
Pa) for three hours. The reaction mixture was filtered through a

layer ofCELITE filter aid, and the filtrate was concentrated under reduced pressure to

provide 15.5 g of tert-butyl {4-[3~amino-6-(benzyloxy)quinolin-4-

ylaminojbutyl } carbamate as a brown solid.

PartC

For Examples 70-72, the following procedure was used. Under a nitrogen

atmosphere, the reagent from the table below (1 .5 equivalents) and pyridine hydrochloride

(0.01-0.02 equivalents) were added to a solution of fert-butyl {4-[3-amino-6-

(benzyloxy)quinolin-4-ylamino]butyl}carbamate (29-36 mmol, 1 equivalent) in toluene

(200 mL), and the reaction was heated at reflux for three to five hours. The toluene was

removed under reduced pressure. The residue was dissolved in a small amount of toluene,

which was removed under reduced pressure. This was repeated three times. The resulting
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solid was dried under high vacuum at 100 °C to provide the tert-butyl {4-(8-benzyloxy-

li7-imidazo[4,5-c]quinolin-l-yl]butyl} carbamate with the substituent indicated in the table

below.

For Example 73, a modification of the general method described for Part C of

5 Example 50 was followed using tert-butyl {4-[3-amino-6-(benzyloxy)quinolin-4-

ylamino]butyl}carbamate (9.25 g, 21.2 mmol) in lieu of tert-butyl {4-[3-amino-7-

(benzyloxy)quinolin-4-ylamino]butyl} carbamate and ethoxyacetyl chloride (2.86 g, 23.3

mmol) in lieu ofmethoxypropionyl chloride. After the cyclization reaction, the solvent

was removed under reduced pressure, and the residue was dissolved in chloroform (400

10 mL). The resulting solution was washed with water (2 x 200 mL) and brine (1 x 200 mL),

concentrated under reduced pressure, and dried under high vacuum to provide a brown oil.

The crude product was purified by column chromatography on silica gel (400 g, eluting

with 95:5 dichloromethanemethanol). The resulting solid was triturated with diethyl ether

and isolated by filtration to provide 5.37 g of tert-butyl {4-(8-benzyloxy-2-ethoxymethyl-

1 5 liWmidazo[4,5-c]quinolin- 1 -yl]butyl} carbamate as an off-white powder.

PartD

mCPBA (1 equivalent, 60% pure) was added to a 0.1 M solution of the material

from Part C (1 equivalent) in chloroform. The reaction was stirred under a nitrogen

atmosphere overnight. During the reaction additional mCPBA was added if the reaction

20 had appeared to stall. The reaction was then washed with 1% aqueous sodium carbonate

(2-3 x) and brine (1 x), dried over sodium sulfate, filtered, and concentrated under reduced

pressure.

PartE

Excess ammonium hydroxide andjs-toluenesulfonyl chloride (1 equivalent) were

25 added to a 0.5-2 M solution of the material from Part D (1 equivalent) in dichloroethane.

The reaction was heated at 70 °C for one to two hours and then allowed to cool to room

temperature. The organic solution was washed with 1% aqueous sodium carbonate (3 x),

dried over sodium sulfate, filtered, and concentrated under reduced pressure. For

Examples 70, 71, and 73, the material was used without purification. For Example 72, the

30 crude product was purified by column chromatography on silica gel (eluting sequentially

with 92.5:7.5 dichloromethane:methanol and 90:10 dichloromethane:methanol).
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Part F

A modification ofthe general method described in Part F ofExample 50 was

followed. A solution of the material from Part E and hydrochloric acid in ethanol was

heated at reflux for 30 minutes to two hours. The salt obtained from the reaction was

dissolved in water, and the aqueous solution was washed with chloroform. Concentrated

ammonium hydroxide was added to the aqueous solution until the pH was basic. The

desired product was either isolated by filtration (Example 70) or extracted with chlorofonn

(Examples 71-73). The combined organic extracts were washed with brine or 1% aqueous

sodium carbonate, dried over sodium sulfate, filtered, and concentrated under reduced

pressure to provide the compound shown in the table below. For each example, the

purification and characterization of the product is shown below the table.

Example Reagent for Part C R
70 Trimethyl orthovalerate -CH2CH2CH2CH3

71 Triethyl orthopropionate -CH2CH3

72 Triethyl orthoacetate -CH3

73 Ethoxyacetyl chloride -CH2OCH2CH3

Example 70

l-(4-Aminobutyl)-8-benzyloxy-2-butyl-liy4midazo[4,5-c]quinolin-4-amine

The isolated solid was dried overnight in a vacuum oven at 60 °C to provide l-(4-

aniinobutyl)-8-benzyloxy-2-butyl-li7-iinidazo[4,5-c]quinolin-4-amine as a white powder,

m.p. 161.2- 163.6 °C.

JHMvlR (300 MHz, DMSO-d6) 5 7.58-7.33 (m, 7H), 7.19 (dd, J= 9.4, 2.5 Hz, 1H), 6.23

(s, 2H), 5.25 (s, 2H), 4.45 (t, J= 7.5 Hz, 2H), 3.32 (br s, 2H), 2.90 (m, 2H), 2.55 (m, 2H),

1.80 (m, 4H), 1.43 (m, 4H), 0.95 (t, J= 7.5 Hz, 3H);
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13CNMR(75 MHz, DMSO-d6) 5 153.4, 153.2, 150.7, 140.1, 137.7, 132.3, 128.8, 128.1,

128.0, 127.8, 127.2, 117.2, 115.1, 103.0, 69.9, 45.1, 41.6, 30.4, 30.0, 27.9, 26.6, 22.3,

14.2; MS (APCI) mfz 418 (M + H)
+

;

Anal. Calcd. for C25H31N5O 0.15 H20: %C, 71.45; %H, 7.51; %N, 16.67. Found: %C,

71.22; %H, 7.59; %N, 16.52.

Example 71

l<4-Aminobutyl)-8-benzyloxy-2-ethyl-lif-imidazo[4,5-c]quinolin-4-amine

The product was isolated as a tan solid.

*H NMR (300 MHz, DMSO-ek) 5 7.58-7.33 (m, 7H), 7.18 (dd, /= 9.0, 2.6 Hz, 1H), 6.25

(s, 2H), 5.25 (s, 2H), 4.43 (m, 2H), 3.25 (br s, 2H), 2.93 (q, J= 7.5 Hz, 2H), 1.77 (m, 2H),

1.41 (m,4H), 1.36 (m, 3H).

Example 72

l-(4-Aminobutyl)-8-benzyloxy-2-memyl-li/-imidazo[4,5-c]quinolin-4-amine

The product was isolated as an off-white powder.

lHNMR (300 MHz, DMSO-<4) 6 7.57-7.31 (m, 7H), 7.17 (dd, J= 9.0, 2.7 Hz, 1H), 6.27

(s, 2H), 5.25 (s, 2H), 4.43 (m, 2H), 3.34 (br s, 2H), 2.58 (s, 3H), 2.55 (m, 2H), 1.76 (m,

2H), 1.40 (m, 2H).

Example 73

l-(4-Aminobutyl)-8-benzyloxy-2-ethoxymethyl-l Jff-imidazo[4,5-c]quinolin-4-amine

The product was isolated as an orange solid.

*HNMR (300 MHz, DMSO-^) 5 7.59-7.32 (m, 7H), 7.22 (dd, /= 9.0, 2.7 Hz, 1H), 6.36

(s, 2H), 5.27 (s, 2H), 4.77 (s, 2H), 4.54 (m, 2H), 3.56 (m, 2H), 2.58 (t, J= 6.8 Hz, 2H),

1.85 (m, 2H), 1.47 (m, 2H), 1.17 (t, J= 7.0 Hz, 3H);

MS (APCI) m/z 420 (M + H)
+

.

Examples 74-77

Under a nitrogen atmosphere, a 0.50-0.1 M solution of the starting material

indicated in the table below (1-2 g) in the solvent indicated in the table below was cooled
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to 0 °C. Phenyl isocyanate (1 equivalent) was added dropwise. The reaction was stirred

for 15 minutes at 0 °C and then allowed to warm to ambient temperature and stirred for

two hours or overnight, at which time a precipitate had formed. The purification and

characterization of each compound is given below the table.

a
NH

2

v V
/° \ o

H \ _

Example Starting Material Solvent R
74 Example 70 dichloromethane -CH2CH2CH2CH3

75 Example 71 dichloromethane -CH2CH3

76 Example 72 chloroform -CH3

77 Example 73 chloroform -CH2OCH2CH3

Example 74

N- {4-[4-Amino-8-(benzyloxy)-2-butyl-lif-imidazo[4,5-c]quinolin- 1 -yfjbutyl}-N-

phenylurea

10 The volatiles were removed under reduced pressure. The residue was dissolved in

dichloromethane and diluted with hexanes. The resulting precipitate was isolated by

filtration and subsequently dried overnight in a vacuum oven at 60 °C. The product was

purified by column chromatography on silica gel (200 g, eluting with 85:15

dichloromethane :methanol) . The purified product was dried in a vacuum oven at 60 °C to

.
15 provide 0.83 g ofiV-{4-[4-amino-8<benz^^

yl]butyl}-iV-phenylurea as yellow microcrystals, m.p. 190-194 °C.

*H NMR (300 MHz, DMSO-d6) 5 8.42 (s, 1H), 7.57 (d, J= 9.3Hz, 1H), 7.47 (m5 3H) 5

7.36 (m, 5H), 7.19 (m, 3H), 6.87 (t5 J= 7.3 Hz, 1H), 6.41 (s, 2H), 6.17 (m, 1H), 5.24 (s,

-143-



WO 2005/020999 PCT/US2004/028021

2H), 4.50 (m, 2H), 3.12 (m, 2H), 2.92 (m, 2H), 1.78 (m, 4H), 1.55 (m, 2H), 1.43 (m, 2H),

0.93 (t,J=7.3Hz,3H);

13C NMR (125 MHz, DMSO-d6) 155.6, 153.8, 153.5, 150.4, 140.9, 139.2, 137.6, 132.5,

128.9, 128.8, 128.1, 127.9, 127.4, 127.1, 121.3, 118.0, 117.5, 115.0, 102.9, 70.0, 44.9,

39.0, 30.0, 27.9, 27.4, 26.5, 22.3, 14.1;

MS (APCI) m/z 537 (M + H)+
;

Anal. Calcd. for C32H36N6O2«0.50 HaO: %C, 70.44; %H, 6.84; %N, 15.40. Found: %C,

70.17; %H, 6.66; %N, 15.32.

Example 75

iV-{4-[4-Ammo-8-(benzyloxy)-2-ethyl-li^-imidazo[4,5-c]quinolin-l^

phenylurea hydrochloride

The volatiles were removed under reduced pressure, and 1M aqueous hydrochloric

acid was added to the residue. The reaction was heated at reflux for two days. A
precipitate formed and was isolated by filtration. The product was recrystallized from

methanol and a small amount of dichloromethane. The crystals were isolated by filtration,

washed with cold methanol, and dried in a vacuum oven at 60 °C to provide 0.59 g ofN-

{4-[4-amino-8-(benzyloxy)-2-ethyl-liW

hydrochloride as a yellow, crystalline solid, mp > 250 °C. An additional 0.66 g was

obtained after concentrating the mother liquor under reduced pressure.

JHNMR (300 MHz, DMSO-d6) 5 13.62 (s, 1H), 8.64 (s, 1H), 8.58 (br s, 2H), 7.79 (d, J =

9.4 Hz, 1H), 7.58 (d, J= 2.5 Hz, 1H), 7.48 (m, 2H), 7.42-7.34 (m, 5H), 7.18 (m, 2H), 6.87

(m, 1H), 6.36 (t, /= 5.6 Hz, 1H), 5.32 (s, 2H), 4.60 (m, 2H), 3.12 (m, 2H), 3.02 (q, J= 7.5

Hz, 2H), 1.80 (m, 2H), 1.57 (m, 2H), 1.38 (t, J= 7.5 Hz, 3H);

13C NMR (125 MHz, DMSO-d6) 8 157.9, 155.8, 155.6, 148.1, 141.0, 136.9, 134.8, 128.9,

128.9, 128.4, 128.3, 128.0, 125.1, 121.2, 120.4, 119.6, 117.8, 113.6, 104.5, 70.2, 45.3,

38.8, 27.5, 27.3, 20.4, 12.0;

MS (APCI) m/z 509 (M + H)
+

;

Anal.. Calcd. for Co^NeCVl.O HC1-0.20 H20: %C, 65.67; %H, 6.14; %N, 15.32; %C1,

6.46. Found: %C, 65.38; %H, 6.17; %N, 15.22; %C1, 6.45.
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Example 76

N- {4-[4-Amino~8-(benzyloxy)-2-methyl-l#-imidazo [4,5-c]quinolin- 1 -yl]butyl}-N1-

phenylurea

The reaction precipitate was isolated by filtration and dried overnight in a vacuum

5 oven at 60 °C. The solid was triturated with chloroform (250 mL) containing small

amounts ofmethanol and dichloromethane, isolated by filtration, and mixed with dilute

ammonium hydroxide and chloroform. The aqueous solution was extracted with

chloroform (4 x 200 mL), and the combined organic fractions were concentrated under

reduced pressure. The residue was recrystallized from methanol and then purified by

10 column chromatography on silica gel (200 mL, eluting sequentially with 90:10 and 87:13

chloroform:methanol to provide 0.74 g ofA^{4-[4-amino-8-(benzyloxy)-2-methyl-ljft?-

imidazo[4,5-c]quinolin-l-yl]butyl}-iVl-phenylurea as a white powder, m.p. 202.1-204.5 °C.

*H NMR (300 MHz, DMSO-d6) 5 8.38 (s, 1H), 7.55 (d, J = 8.7 Hz, 1H), 7.49-7.44 (m,

3H), 7.40-7.31 (m, 5H), 7.21-7.16 (m, 3H), 6.88 (m, 1H), 6.27 (s, 2H), 6.14 (m, 1H), 5.23

1 5 (s, 2H), 4.48 (m, 2H), 3.1 1 (m, 2H), 2.60 (s, 3H), 1 .80 (m, 2H), 1 .53 (m, 2H);

13C NMR (125 MHz, DMSO-d6) 8 155.6, 153.3, 150.6, 150.2, 140.9, 139.6, 137.6, 132.4,

128.9, 128.8, 128.1, 127.9, 127.9, 127.1, 121.3, 118.0, 117.4, 115.0, 102.7, 69.9, 45.2,

39.1,27.7, 27.5, 13.9;

MS (APCI) m/z 495 (M + H)
+

;

20 Anal. Calcd. for C^HsoNeCVO.SO H20: %C, 69.17; %H, 6.21; %N, 16.69. Found: %C,

69.27; %H, 6.16; %N, 16.81.

Example 77

7V-{4-[4-Amino-8-(benzy^

25 phenylurea

The reaction precipitate was isolated by filtration and dried overnight in a vacuum

oven at 60 °C to provide Ar
- {4-[4-amino-8-(benzyloxy)-2-ethoxymethyl-li7-imidazo[4,5-

c]quinolin-l-yl]butyl}-7V
T-phenylurea as an off-white powder, m.p. 186.1 - 188.5 °C.

]H NMR (300 MHz, DMSO-d6) 5 8.39 (s, 1H), 7.58 (d, J = 9.4 Hz, 1H), 7.47 (m, 3H),

30 7.35 (m, 5H), 7.18 (m, 3H), 6.87 (m, 1H), 6.38 (s, 2H), 6.16 (m, 1H), 5.24 (s, 2H), 4.77 (s,
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2H), 4.55 (t,/= 7.5 Hz, 2H), 3.55 (q, J= 6.9 Hz, 2H), 3.13 (m, 2H), 1.86 (m, 2H), 1.58

(m, 2H), L15 (t, J= 6.9 Hz, 3H);

13C NMR (75 MHz, DMSO-d6) 5 155.5, 153.3, 151.0, 149.3, 140.9, 140.5, 137.6, 133.0,

128.9, 128.8, 128.1, 128.0, 127.9, 127.0, 121.2, 117.9, 114.9, 102.9, 69.9, 65.7, 64.6, 45.5,

39.2, 28.1,27.6, 15.3;

MS (APCI) m/z 539 (M + H)
+

;

Anal. Calcd. for C3iH34N6O3*0.20 H20: %C, 68.67; %H, 6.40; %N, 15.50. Found: %C,

68.53; %H, 6.25; %N, 15.30.

Examples 78-89

Under a nitrogen atmosphere, a 0.50-0.1 M solution of the starting material

indicated in the table below (1-2 g, 1 equivalent) and triethylamine (1.1 equivalents) in

anhydrous dichloromethane was cooled to 0 °C. The reagent indicated in the table below

(1 equivalent) was added dropwise over a period of five to ten minutes. The reaction was

stirred for 15 minutes at 0 °C and then allowed to warm to ambient temperature and stirred

for two hours or overnight. The reaction was washed with water (1 00 mL) and brine (2 x

100 mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure.

The purification and characterization of each compound is given below the table.

NH

Example Starting

Material

R Reagent R'

78 Example 70 -CH2CH2CH2CH3 Methanesulfonyl

chloride

O
n—S-CH
it

O
3

79 Example 70 -CH2CH9CH2CH3 Benzoyl chloride
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80 Example 70 -CH2CH2CH2CH3 Benzenesulfonyl

chloride -K>o

81 Example 70 -CH2CH2CH2CH3 4-Morpholinecarbonyl

chloride

82 Example 71 -CH2CH3 Benzoyl chloride

1

83 Example 72 -CH3 4-Morpholinecarbonyl

chloride

84 Example 73 -CH2OCH2CH3 4-Morpholinecarbonyl

chloride -V"
85 Example 72 -CH3 Benzoyl chloride o

86 Example 73 -CH2OCH2CH3 Methanesulfonyl

chloride

o
II

—S-CH.
n 3

o

87 Example 71 -CH2CH3 4-Morpholinecarbonyl

chloride

88 Example 72 -CH3 Methanesulfonyl

chloride

o
—S-CH,

II 3

o

89 Example 71 -CH2CH3 Methanesulfonic

anhydride

o
II—S-CH,
o
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Example 78

N- {4-[4-Amino-8-(benzyloxy)-2-butyl- l#-imidazo[4,5-c]quinolin-l-

yl]butyl}methanesulfonamide

The crude product was recrystallized from ethyl acetate. The crystals were dried

5 overnight in a vacuum oven at 60 °C to provide 1.74 g ofiV-{4-[4-amino-8-(benzyloxy)-2-

butyl-l^-imidazo[435-c]quinolin-l-yl]butyl}methanesulfonamide as orange microcrystals,

mp 178.5- 181.6 °C.

*H NMR (300 MHz, DMSO-d6) S 7.57-7.49 (m, 3H), 7.44-7.34 (m, 4H), 7.17 (dd, J = 8.8,

2.4 Hz, 1H), 7.02 (t, J = 5.9 Hz, 1H), 6.23 (s, 2H), 5.24 (s, 2H), 4.48 (m, 2H), 2.93 (m,

10 4H), 2.83 (s, 3H), 1.80 (m, 4H), 1.56 (m, 2H), 1.45 (m, 2H), 0.96 (t, / = 7.3, 3H);

13CNMR(75 MHz,DMSO-d6) 153.5, 153.2, 150.6, 140.1, 137.7, 132.3, 128.8, 128.1,

127.9, 127.2, 117.2, 115.1, 102.9, 69.9, 44.7, 42.5, 39.3, 30.1, 27.7, 26.9, 26.5, 22.3, 14.2;

MS (APCI) m/z 496 (M + H)
+

;

Anal. Calcd. for C26H33N5O3S: %C, 63.01; %H, 6.71; %N, 14.13; %S, 6.47. Found: %C,

15 62.77; %H, 6.52; %N, 14.07; %S, 6.31.

Example 79

N- {4-[4-Amino~8-(benzyloxy)-2-bu1yl-lif-imidazo[4,5-c]quinolin- 1 -yl]butyl}benzamide

The crude product was dissolved in a small volume ofdichloromethane:methanol,

20 and hexanes were added. The resulting precipitate was isolated by filtration, washed with

hexanes, and dried under high vacuum at 70 °C. The solid was recrystallized from

dichloroethane, isolated by filtration, washed with cold dichloroethane, and dried in a

vacuum oven. The crystals were dissolved in a small amount of dichloromethane and

methanol and concentrated under reduced pressure to provide 1 .56 g ofiV'-{4-[4-amino-8-

25 (beiizyloxy)-2-butyl-li7-imidazo[4,5-c]quinolin-l-yl]butyl}benzamide as a tan powder,

mp 173.3 - 174.5 °C.
lK NMR (300 MHz, DMSO-d6) 8 8.48 (m, 1H), 7.76 (m, 2H), 7.57-

7.32 (m, 10H), 7.17 (m, 1H), 6.24 (s, 2H), 5.22 (s, 2H), 4.50 (m, 2H), 3.29 (m, 2H), 2.90

(t9 J= 7.8 Hz, 2H), 1.77 (m, 4H), 1.62 (m, 2H), 1.39 (m, 2H), 0.90 (t, J= 7.3 Hz, 3H);

13CNMR(75 MHz, DMSO-d6) 5 166.6, 153.5, 153.2, 150.6, 140.0, 137.6, 134.9, 132.3,

30 131.3, 128.8, 128.5, 128.1, 128.0, 127.9, 127.4, 127.2, 117.3, 115.1, 102.8, 69.9, 44.8,

30.1, 28.0, 26.7, 26.5, 22.3, 14.1;
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MS (APCI) m/z 522 (M + H)
+

;

Anal. Calcd. for C32H35N502 : %C, 73.68; %H, 6.76; %N, 13.42. Found: %C 5 73.39; %H,

6.68; %N, 13.41.

5 Example 80

N- {4-[4-Amino-8-(benzyloxy)-2-butyl-liJ-imidazo[4,5-c]quinolin-l-

yl]butyl}benzenesulfonamide

At the completion of the reaction, a precipitate was present, and was isolated by

filtration. No aqueous work-up was carried out. The solid was recrystallized from

10 dichloroethane, isolated by filtration, washed with cold dichloroethane, and dried in a

vacuum oven at 80 °C to provide 1.88 g of7V-{4-[4-amino-8-(benzyloxy)-2-butyl-177-

imidazo[4,5-c]quinolin-l-yl]butyl}benzenesulfonamide as tan powder, m.p. 203.9 - 205.1

°C.

!H NMR (300 MHz, DMSO-d6) S 7.73 (m, 2H), 7.56-7.46 (m, 7H), 7.34 (m, 3H), 7.30 (m,

15 1H), 7.16 (dd, J = 9.3, 2.4 Hz, 1H), 6.21 (s, 2H), 5.23 (s, 2H), 4.41 (m, 2H), 2.85 (m, 2H),

2.73 (m, 2H), 1 .76 (m, 4H), 1 .45 (m, 4H), 0.95 (t, J = 7.3 Hz, 3H);

13C NMR (125 MHz, DMSO-d6) 5 153.5, 153.2, 150.6, 140.9, 140.1, 137.7, 132.6, 132.3,

129.5, 128.8, 128.1, 128.0, 127.8, 127.2, 126.7, 117.3, 115.1, 102.9, 69.9, 44.6, 42.6, 30.0,

27.4, 26.6, 26.5, 22.3, 14.2;

20 MS (APCI) m/z 558 (M + H)
+

;

Anal. Calcd. for C31H35N5O3S: %C, 66.76; %H, 6.33; %N, 12.56; %S, 5.75. Found: %C,

66.47; %H, 5.92; %N, 12.37; %S, 5.53.

Example 81

25 TV- {4-[4-Amino-8-(benzyloxy)-2-butyM

4-carboxamide

At the completion ofthe reaction, a precipitate was present and was isolated by

\ filtration. The filtrate was subjected to the aqueous work-up conditions, and the resulting

solid was recrystallized from dichloroethane, isolated by filtration, and dried under high

30 vacuum. The reaction precipitate was triturated with water overnight, isolated by

filtration, washed with water, and dried for two days in a vacuum oven at 80 °C to provide
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N- {4-[4-amino-8-(benzyloxy)-2-butyl-liWmidazo[4,5-c]quinolin- 1 -yl]butyl}morpholine-

4-carboxamide as a white powder, mp 177.2 - 178.6 °C.

!H NMR (300 MHz, DMSO-d6) 5 7.58-7.50 (m, 3H), 7.43-7.31 (m, 4H), 7.18 (dd, J — 8.8,

2.4 Hz, 1H), 6.51 (m, 1H), 6.25 (s, 2H), 5.23 (s, 2H), 4.47 (m, 2H), 3.44 (m, 4H), 3.15 (m,

5 4H), 3.05 (m, 2H), 2.90 (m, 2H), 1 .77 (m, 4H), 1 .45 (m, 4H), 0.95 (t, J =13 Hz, 3H);

13CNMR (125 MHz, DMSO-d6) 5 158.0, 153.3, 153.3, 150.6, 139.9, 137.7, 132.3, 128.8,

128.1, 127.9, 127.2, 117.3, 115.1, 102.9, 69.9, 66.2, 44.9, 44.1, 30.1, 27.9, 27.3, 26.5,

22.3, 14.2;

MS (APCI) m/z 531 (M + H)
+

;

10 Anal. Calcd. for C3oH38N603«0.65 H20: %C, 66.44; %H, 7.30; %N, 15.50. Found: %C,

66.37; %H, 7.04; %N, 15.60.

Example 82

N- {4-[4-Amino-8-(benzyloxy)-2-cthyl- li/-imidazo[4,5-e]quinolin- 1 -yl]butyl}benzamide

15 At the completion ofthe reaction, a precipitate was present and was isolated by

filtration. The precipitate was triturated with water, isolated by filtration, and dried under

high vacuum oven to provide 1.55 g ofA- {4-[4-amino-8-(beiizyloxy)-2-ethyl- 1/7-

imidazo[4,5-c]quinolin- 1 -yljbutyl}benzamide as a white powder, mp 226 - 230 °C.

JHNMR (300 MHz, DMSO-d6) 8 8.49 (t, J = 5.4 Hz, 1H), 7.78 (d, J = 6.8 Hz, 2H), 7.57

20 (d, J = 838 Hz, 1H), 7.50-7.32 (m, 9H), 7.17 (m, 1H), 6.28 (s, 2H), 5.22 (s, 2H), 4.49 (t, J

= 6.8 Hz, 2H), 3.30 (m, 2H), 2.93 (m, 2H), 1.84 (m, 2H), 1.63 (m, 2H), 1.35 (t, J= 7.3 Hz,

3H);

13C NMR (125 MHz,DMSO-d6) 8 166.2, 154.0, 152.8, 150.2, 139.6, 137.2, 134.5, 132.0,

130.7, 128.3, 128.1, 127.6, 127.5, 127.4, 127.0, 126.7, 116.8, 114.6, 102.4, 69.5,44.3,

25 38.6, 27.5, 26.2, 20.0, 12.0;

MS (APCI) m/z 494 (M + H)
+

;

Anal. Calcd. for C3oH3iN502 : %C, 73.00; %H, 6.33; %N, 14.19. Found: %C, 72.61; %H,

6.40; %N, 14.10.
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Example 83

iV-{4-[4-Amino-8-^

yl]butyl}morpholine-4-carboxamide

The crude product was recrystallized from dichloroethane, and the crystals were

5 isolated by filtration, washed with cold dichloroethane, and dried in a vacuum oven at 70

°C. The mother liquor was concentrated under reduced pressure, and the residue was

purified by column chromatography on silica gel (200 mL, eluting with 90: 10

dichloromethanermethanol). The solid recovered from the column chromatography was

dried for two days in a vacuum oven at 60 °C to provide TV- {4-[4-amino-8-(benzyloxy)-2-

10 methyl- l//-imidazo[4,5-c]quinolin-l-yl]butyl}morpholine-4-carboxamide as a white

powder, mp 177.8 - 179.5 °C.

*HNMR (300 MHz, DMSO-d6) 6 7.58-7.50 (m, 3H), 7.44-7.34 (m, 4H), 7.18 (dd, J = 8.7-

2.5, 1H), 6.52 (m, 1H), 6.35 (s, 2H), 5.24 (s, 2H), 4.45 (m, 2H), 3.44 (m, 4H), 3.15 (m,

4H), 3.05 (m, 2H), 2.59 (s, 3H), 1.77 (m, 2H), 1.48 (m, 2H);

15
13C NMR (125 MHz, DMSOd6) 5 157.9, 153.3, 150.5, 150.2, 139.7, 137.7, 132.5, 128.8,

128.1, 127.9, 127.7, 127.0, 117.3, 115.0, 102.8, 69.9, 66.2, 45.2, 44.1, 27.6, 27.3, 13.9;

MS (APCI) m/z 489 (M + H)
+

;

Anal. Calcd. for C27H32N6(V0.15 H2Or %C, 66.01; %H, 6.63; %N,17.11. Found: %C,

65.88; %H, 6.80; %N, 17.26.

20

Example 84

7\T-{4-[4-Amino-8-(benzyloxy>^

yl]butyl}morpholine-4-carboxamide

The crude product was purified by column chromatography on silica gel, and the

25 resulting solid was dried in a vacuum oven at 60 °C to provide 1.21 g of7V-{4-[4-amino-8-

(benzyloxy)-2-ethoxymethyl-1^

carboxamide as a yellow powder, mp 150.4 - 152.8 °C.

*HNMR (300 MHz, DMSO-d6) 5 7.59-7.50 (m, 3H), 7.45-7.34 (m, 4H), 7.21 (dd, J = 9A,

2.5 Hz, 1H), 6.52 (m, 1H), 6.42 (s, 2H), 5.24 (s, 2H), 4.77 (s, 2H), 4.53 (m, 2H), 3.55 (q, J

30 = 6.9 Hz, 2H), 3.44 (m, 4H), 3.15 (m, 4H), 3.07 (m, 2H), 1.82 (m, 2H), 1.54 (m, 2H), 1.16

(t, J =6.9 Hz, 3H);
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13CNMR(75 MHz, DMSO-d6) 8 157.9, 153.4, 150.9, 149.4, 140.2, 137.6, 133.1, 128.8,

128.1, 127.9, 127.0, 117.9, 114.9, 103.1, 69.9, 66.2, 65.7, 64.6, 45.6, 44.1, 28.1, 27.5,

15.3; MS (APCI) m/z 533 (M + H)
+

;

Anal. Calcd. for C29H36N6O4: %C, 65.39; %H, 6.81; %N, 15.78. Found: %C, 65.21; %H,

6.52; %N, 15.49.

Example 85

JV- {4-[4-Amino-8-(benzyloxy)-2-methyl-li/-imidazo[4,5-c]quinolm-l--yl]butyl}benzamide

The general method described for Examples 78-89 was followed with the

exception that chloroform was used as the solvent. The crude product was recrystallized

from dichloroethane, isolated by filtration, washed with cold methanol, and dried in a

vacuum oven at 60 °C. The resulting solid was purified by column chromatography on

silica gel (200 mL, eluting sequentially with 93:7 and 90:10 chloroform:methanol) and a

second recrystallization from dichloroethane to provide 0.50 g of7V-{4-[4-amino-8-

(benzyloxy)-2-methyl-liWim^ as a white

powder, mp 244.2 - 245.2 °C.

XH NMR (300 MHz, DMSO-d6) 8 8.47 (t, J = 5.6 Hz, 1H), 7.76 (m, 2H), 7.56-7.32 (m, 10

H), 7.16 (m, 1H), 6.27 (s, 2H), 5.21 (s, 2H), 4.49 (m, 2H), 3.28 (m, 2H), 2.59 (s, 3H), 1.84

(m, 2H), 1.61 (m, 2H);

13C NMR (125 MHz, DMSO-d6) 5 166.6, 153.2, 150.6, 150.1, 140.1, 137.7, 135.4, 132.4,

131.3, 128.8, 128.5, 128.1, 128.0, 127.9, 127.4, 127.1, 117.3, 115.0, 102.8, 69.9, 45.1,

39.1,27.8, 26.7, 13.9;

MS (APCI) m/z 480 (M + H)
+

;

Anal. Calcd. for C29H29N5O2: %C, 72.63; %H, 6.10; %N, 14.60. Found: %C, 72.28; %H,

6.15; %N, 14.59.

Example 86

N- {4-[4-Amino-8-(benzyloxy)-2-ethoxymethyl-1/f-imidazo[4,5-c]quinolin- 1 -

yl]butyl}methanesulfonamide

The general method described for Examples 78-89 was followed with the

exception that chloroform was used as the solvent. The crude product was purified by
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column chromatography on silica gel (120 g, eluting with 92.5:7.5

dichloromethane:methanol) and dried in a vacuum oven at 60 °C to provide TV- (4-[4-

ammo-8-(benzyloxy)-2-ethoxymethyl-liJ-imidazo[4,5-c]quinolin-l-

yljbutyl}methanesulfonamide as an off-white powder, mp 182.3 - 184.6 °C.

5 'HNMR (300 MHz, DMSO-d6) 5 7.58-7.34 (m, 7H), 7.21 (dd, J = 9.4, 2.5 Hz, 1H), 7.01

(m, 1H), 6.37 (s, 2H), 5.25 (s, 2H), 4.77 (s, 2H), 4.55 (m, 2H), 3.56 (m, 2H), 2.96 (m, 2H),

2.83 (s, 3H), 1.87 (m, 2H), 1.60 (m, 2H), 1.17 (t, J= 6.9 Hz, 3H);

I3CNMR(75 MHz, DMSO-d6) 5 153.3, 15.9, 149.3, 140.4, 137.6, 133.0, 128.8, 128.1,

127.9, 127.1, 117.8, 114.9, 103.2, 69.9, 65.8, 64.6, 45.4, 42.6, 27.9, 27.2, 15.3;

10 MS (APCI) m/z 498 (M + H)+ ;

Anal. Calcd. for C25H31N5O4S: %C, 60.34; %H, 6.28; %N, 14.07. Found: %C, 59.99;

%H, 6.19; %N, 13.87.

Example 87

jV-{4-[4-Amino-8-(benzyloxy)-2-ethyl-l^

15 4-carboxamide

The crude product was recrystallized from dichloroethane (100 mL), isolated by

filtration, washed with cold dichloroethane, and dried in a vacuum oven at 60 °C to

provide 1.40 g of7V-{4-[4-amino-8-(benzyloxy)-2-ethyl-17/-imidazo[4,5-c]quinolin-l-

yl]butyl}morpholine-4-carboxamide as a white powder, mp 190.1 - 191.3 °C.

20 lH NMR (300 MHz, DMSO-d6) 5 7.57-7.50 (m, 3H), 7.43-7.33 (m, 4H), 7.1 8 (dd, J = 8.8,

2.4 Hz, 1H), 6.51 (t, J = 5.4 Hz, 1H), 6.22 (s, 2H), 5.23 (s, 2H), 4.45 (t, J = 7.3 Hz, 2H),

3.44 (m, 4H), 3.15 (m, 4H), 3.05 (m, 2H), 2.93 (m, 2H), 1.76 (m, 2H), 1.50 (m, 2H), 1.36

(m, 3H);

13C NMR (125 MHz, DMSO-d6) 8 157.5, 154.0, 152.8, 150.2, 139.6, 137.2, 131.2, 128.3,

25 127.6, 127.5, 127.4, 126.8, 1 16.8, 1 14.6, 102.4, 69.5, 65.8, 44.4, 43.7, 27.4, 26.9, 19.9,

12.1;

MS (APCI) m/z 503 (M + H)+ ;

Anal. Calcd. for CssH^NeOs: %C, 66.91; %H, 6.82; %N, 16.72. Found: %C, 66.64; %H,

6.70; %N, 16.60.

30
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Example 88

iV- {4-[4-Amino-8-(benzyloxy)-2-methyl-li7-imidazo[4,5-c]quinolin-l-

yl]butyl}methanesulfonamide

The general method described for Examples 78-89 was followed with the

5 exception that chloroform was used as the solvent. At the completion of the reaction, a

precipitate was present and was isolated by filtration. The resulting solid was triturated

with water and isolated by filtration to provide a hydrochloride salt. The salt was mixed

with ammonium hydroxide, and the resulting mixture was extracted with chloroform (5x).

The combined extracts were dried over sodium sulfate, filtered, and concentrated to

10 provide 0.57 g ofan off-white solid. The solid was recrystallized from methanol, isolated

by filtration, washed with diethyl ether, and dried for two days in a vacuum oven at 60 °C

to provide Af-{4-[4-amino-8-(benzyloxy

yl]butyl}methanesulfonamide as an off-white powder.

*H NMR (300 MHz, DMSO-d6) 8 7.56-7.49 (m, 3H), 7.44-7.34 (m, 4H), 7.17 (m, 1H),

15 7.01 (t, J = 5.6 Hz, 1H), 6.25 (s, 2H), 5.25 (s, 2H), 4.46 (m, 2H), 2.95 (m, 2H), 2.83 (s,

3H), 2.59 (s, 3H), 1.80 (m, 2H), 1.55 (m
? 2H);

13CNMR(125 MHz, DMSO-d6) 8153.2, 150.6, 150.1, 140.1, 137.7, 132.4, 128.8, 128.1,

128.0, 127.9, 127.1, 117.2, 115.9, 102.9, 70.0, 45.0, 42.5, 39.5, 27.5, 27.0, 13.9;

MS (APCI) m/z 454 (M + H)
+

;

20 Anal. Calcd for C23H27N5O3S*0.70 H20: C, 59.26; H, 6.14; N, 15.02; S, 6.88. Found: C,

59.25; H, 6.19; N, 15.08; S, 7.00.

Example 89

N- {4-[4-Amino-8-(benzyloxy)-2-ethyl- l#-imidazo[4,5-c]quinolin- 1 -

25 yl]butyl}methanesulfonamide

The general method described for Examples 78-89 was followed with the

exception that acetonitrile was used as the solvent. Heating was required to dissolve the

starting material, and the triethylamine and methanesulfonic anhydride were added when

the solution was warm. The crude product was purified by column chromatography on

30 silica gel (130 g, eluting with 92.5:7.5 dichloromethanemethanol) to provide 1.4 g ofa

white powder. The powder was recrystallized from dichloroethane, isolated by filtration,
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washed with hexan.es, and dried in a vacuum oven to provide 1.05 g ofJV-{4-[4-amino-8-

(benzyloxy)-2-ethyl- l#-imidazo[4,5-c]quinolin- 1 -yl]butyl}methanesulfonamide as a

yellow powder, mp 186 - 191 °C. *HNMR (300 MHz, DMSO-d6) 5 7.58-7.50 (m, 3H),

7.44-7.34 (m, 4H), 7.18 (m, 1H), 7.02 (m, 1H), 6.29 (s, 2H), 5.25 (s, 2H), 4.47 (m, 2H),

2.94 (m, 4H), 2.83 (s, 3H), 1.81 (m, 2H), 1.56 (m, 2H), 1.37 (t, J= 7.3Hz, 3H);

13CNMR (75 MHz, DMSO-d6) 6 154.4, 153.2, 150.6, 140.0, 137.7, 132.4, 128.8, 128.1,

127.9, 127.2, 117.2, 115.1, 102.9, 69.9, 44.6, 42.5, 39.5, 27.7, 27.0, 20.3, 12.4;

MS (APCI) m/z 468 (M + H)
+

;

Anal. Calcd. for C24H29N5O3S»0.50 H2Or %C, 60.48; %H, 6.35; %N, 14.70; %S, 6.73.

Found: %C, 60.37; %H, 6.41; %N, 14.63; %S, 6.51.

The general method described in Example 5 was followed using 8-benzyloxy-2-

ethyl-l-methyl-l//-imidazo[4,5-c]quinolin-4-amine (0.47 g, 1.4 mmol), prepared as

described in Example 57, in lieu of 7-benzyloxy-2-propyl-l-(2-methylpropyl)-l/f-

imidazo [4,5-c]quinolin-4-amine . The hydrogenation was complete in four hours, and after

the catalyst was removed by nitration, the filtrate was concentrated under reduced pressure

to a small volume. Hexanes were added, and a precipitate formed, which was isolated by

filtration and washed with hexanes. The solid was recrystallized from methanol to provide

70 mg of 4-amino-2-ethyl-l-methyl-lii'-imidazo[4,5-c]quinolin-8-ol as a white, crystalline

solid, mp > 240 °C.

*HNMR (300 MHz, DMSO-d6) 8 9.23 (s, 1H), 7.52 (d, J = 2.6 Hz, 1H), 7.47 (d, J = 8.9

Hz, 1H), 6.96 (dd, J = 8.9, 2.6 Hz, 1H), 6.03 (s, 2H), 4.06 (s, 3H), 2.92 (q, J = 7.5 Hz,

2H), 1.33 (t, J= 7.5 Hz, 3H);

MS (EI) m/z 242.1 172 (242.1 168 calcd for C13H14N40);

Example 90

4-Amino-2-ethyl- 1 -methyl-li7-imidazo[4,5-c]quinolin-8-ol
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Anal. Calcd. for C13H14N4O: %C, 64.45; %H, 5.82; %N, 23.12. Found: %C, 63.97; %H,

5.81; %N, 23.14.

Examples 91-103

A 0.01-0.03 M solution of the starting material indicated in the table below (-1 g)

in ethanol was added to a Parr vessel charged with 10% palladium on carbon (0.3-0.7 g),

and the reaction was placed under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) for between

four and 24 hours. The reaction mixture was filtered through a layer ofCELITE filter aid,

and the filter cake was washed with ethanol. The filtrate was concentrated under reduced

pressure. The purification and characterization for each compound is given below the

table.

NH2

I L>-Rv\
OH \

HN.
R.

Example Starting Material R R'

91 Example 75 -CH2CH3

H

92 Example 76 -CH3

H

93 Example 77 -CH2OCH2CH3

H

94 Example 78 -CH2CH2CH2CH3 O
—S-CH,
O
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95 Example 79 -CH2CH2CH2CH3

An
96 Example 80 -CH2CH2CH2CH3 +0O

97 Example 81 -CH2CH2CH2CH3

98 Example 82 -CH2CH3

99 Example 83 -CH3

100 Example 84 -CH2OCH2CH3

v.
101 Example 85 -CH3

102 Example 87 -CH2CH3

103 Example 89 -CH2CH3
0
II

—S-CH,
O

Example 91

iV-[4~(4-Amino-2-eth^

The crude product, obtained as the hydrochloride salt, was stirred with aqueous

5 ammonium hydroxide (pH 1 1) for two hours, isolated by filtration, and washed with water.

The solid was then recrystallized from methanol, and the crystals were isolated by
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filtration, washed with cold methanol, and dried in a vacuum oven at 60 °C to provide 0.44

gofiV-[4-(4-amino-2-efoyl-8-hydrox

phenylurea as a brown solid.

*HNMR (300 MHz, DMSO-d6) 8 9.35 (s, 1H), 8.40 (s, 1H), 7.47 (d, J = 8.7 Hz, 1H), 7.37

(m, 3H), 7.20 (m, 2H), 6.96 (dd, J = 8.7, 2.5 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 6.16 (t, 5.6

Hz, 1H), 6.08 (s, 2H), 4.45 (m, 2H), 3.16 (m, 2H), 2.93 (q, J = 7.5 Hz, 2H), 1.83 (m, 2H),

1.61 (m,2H), 1.35 (m,3H);

13CNMR (125 MHz, DMSO-d6) 5 157.5, 156.0, 154.1, 151.9, 142.8, 140.9, 134.2, 130.9,

129.8, 129.0, 123.2, 119.9, 119.0, 117.5, 105.5, 46.7, 40.8, 29.8, 29.2, 22.2, 14.3;

MS (APCI) m/z 419 (M + H)
+

;

Anal. Calcd. for C23H26N6O2O.25 H20: %C, 65.31; %H, 6.32; %N, 19.87. Found: %C,

65.35; %H, 6.21; %N, 19.74.

Example 92

Aq4-(4-Amino-8-hydroxy-2-methyl-l^^

The crude product was purified by column chromatography on silica gel (eluting

with 89:10:1 dichloromethane:methanol:ammonium hydroxide) to provide 0.270 g ofiV-

[4-(4-amino-8-hydroxy-2-methyl-l^imidazo[4,5-c]quinolin-l-yl)butyl]-iV,

-phenylurea as

a peach-colored solid.

XH NMR (300 MHz, DMSO-d6) 5 9.32 (s, 1H), 8.38 (s, 1H), 7.46 (d, J = 8.7 Hz, 1H), 7.35

(m, 3H), 7.20 (m, 2H), 6.96 (dd, J = 8.7, 2.5 Hz, 1H), 6.87 (m, 1H), 6.16 (t, J= 5.6

Hz,lH), 6.10 (s, 2H), 4.45 (m, 2H), 3.15 (m, 2H), 2.59 (s, 3H), 1.85 (m, 2H), 1.59 (m,

2H);

13CNMR(125 MHz, DMSO-d6) 8 155.1, 151.8, 149.5, 149.3, 140.4, 138.4, 131.8, 128.5,

127.3, 126.5, 120.9, 117.5, 116.6, 115.0, 103.0, 44.7, 38.6, 27.3, 26.9, 13.4;

MS (APCI) m/z 405 (M + H)
+

;

Anal. Calcd. for C^HwNgCVO^S H20: %C, 64.61; %H, 6.04; %N, 20.55. Found: %C,

64.27; %H, 6.07; %N, 20.21.
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Example 93

A44-(4-Amino-2-ethoxymet^

phenylurea

The crude product was recrystallized from methanol; the crystals were isolated by

5 filtration and dried for two days in a vacuum oven at 60 °C to provide 0.72 g ofA^-[4-(4-

amino-2-ethoxymethyl-8-hy<froxy-l^ as

a fine, pinkish-white powder, mp 218.4 - 220.8 °C.

'HNMR (300 MHz, DMSO-d6) 8 9.38 (s, 1H), 8.38 (s, 1H), 7.48 (d, J= 8.7 Hz, 1H), 7.36

(m, 3H), 7.20 (m, 2H), 6.99 (dd, / = 8.7, 2.5 Hz, 1H), 6.87 (m, 1H), 6.21 (s, 2H), 6.16 (t, J

10 = 5.6 Hz, 1H), 4.76 (s, 2H), 4.51 (m, 2H), 3.54 (q, J= 6.9 Hz, 2H), 3.16 (m, 2H), 1.89 (m,

2H), 1.64 (m, 2H), 1.14 (t, J= 6.9 Hz, 3H);

13C NMR (75 MHz, DMSO-de) 5 155.6, 152.3, 150.3, 149.0, 140.9, 139.4, 132.9, 128.9,

127.9, 127.0, 121.3, 118.0, 117.6, 115.4, 103.9, 65.8, 64.6,45.6, 39.1,28.1,27.4, 15.3;

MS (APCI) m/z 449 (M + H)
+

;

15 Anal. Calcd. for C24H28N6O3«0.25 H20: %C, 63.63; %H, 6.34; %N, 18.55. Found: %C,

63.57; %H, 6.42; %N, 18.63.

Example 94

N-[4-(4-Amino-2-butyl-8-hydroxy- 1if-imidazo[4,5-c]quinolin- 1 -

20 yl)butyl]methanesulfonamide

The crude product was recrystallized from ethanol; the crystals were isolated by

filtration, washed with cold ethanol, and dried under high vacuum to provide 0.74 g ofiV-

[4-(4-amino-2-butyl-8-hydroxy-l JfZ-imidazo[4,5-c]quinolin-l-

yl)butyl]methanesulfonamide as a tan powder, mp 223 - 227 °C.

25 JHNMR (300 MHz, DMSO-d6) 8 9.33 (s, 1H), 7.46 (d, J= 8.8 Hz, 1H), 7.33 (d, J = 2.9

Hz, 1H), 7.01 (t, J= 5.9 Hz, 1H), 6.96 (dd, J = 8.8, 2.4 Hz, 1H), 6.08 (s, 2H), 4.43 (t, J =

73 Hz, 2H), 2.99 (m, 2H), 2.90 (m, 2H), 2.87 (s, 3H), 1.81 (m, 4H), 1.62 (m, 2H), 1.44

(m, 2H), 0.96 (t, J = 7.3 Hz, 3H);

13CNMR(75 MHz, DMSO-d6) 8 153.2, 152.2, 150.0, 138.9, 132.1, 127.8, 127.2, 117.0,

30 115.5, 103.5, 44.7, 42.5, 30.1, 27.8, 26.7, 26.5, 22.3, 14.2;

MS (APCI) m/z 406 (M + H)
+

;
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Anal. Calcd. for C19H27N5O3S: %C, 56.28; %H, 6.71; %N, 17.27; %S, 7.91. Found: %C,

56.00; %H, 6.61; %N, 17.18; %S, 7.73.

Example 95

5 7\T-[4-(4-Amino-2-butyl-8-hydroxy- li^-imidazo^^-cjquinolin-l -yl)butyl]benzamide

The crude product was recrystallized from ethanol; the crystals were isolated by

filtration, washed with cold ethanol, and dried in a vacuum oven at 60 °C to provide 0.54 g

ofiV-[4-(4-amino-2-butyl-8-hydroxy-lif-imidazo[4,5-c]quinolin-l-yl)butyl]benzamide as a

white powder, mp 188.2 - 189.5 °C.

10
XHNMR (300 MHz, DMSO-d6) 8 9.36 (s, 1H), 8.49 (m, 1H), 7.80 (m, 2H), 7.51-7.41 (m,

4H), 7.36 (d, J = 2.4 Hz, 1H), 6.97 (dd, J = 8.8, 2.4, 1H), 6.1 1 (s, 2H), 4.46 (t, / = 7.3,

2H), 3.33 (m, 2H), 2.89 (m, 2H), 1.87 (m, 2H), 1.73 (m, 4H), 1.39 (m, 2H), 0.90 (t, J= 7.3

Hz, 3H);

13CNMR(75 MHz, DMSO-d6) 5 166.7, 153.2, 152.2, 149.9, 138.9, 134.9, 132.1, 131.4,

15 128.6, 127.8, 127.4, 127.2, 117.0, 115.5, 103.5,44.9,39.0,30.1,28.0,26.5,22.3, 14.1;

MS (APCI) m/z 432 (M + H)+
;

Anal. Calcd. for C25H29N502-1.15 H2Or %C, 66.40; %H, 6.98; %N, 15.49. Found: %C,

66.16; %H, 6.72; %N, 15.54.

20 Example 96

JV-[4-(4-Ammo-2-butyl-8-hydroxy-li7-imidazo[4,5-c]quinolin-l-

yl)butyl]benzenesulfonamide

The crude product was recrystallized from methanol (3 1 mL/g); the crystals were

isolated by filtration, washed with cold methanol, and dried for two days in a vacuum oven

25 at 80 °C to provide 0.25 g ofi^[4-(4-amino-2-butyl-8-hydroxy-liy-imidazo[4,5-

c]quinolin-l-yl)butyl]benzenesulfonamide as a fine white powder, mp 219 - 223 °C.

!HNMR (300 MHz, DMSO-d6) 8 9.33 (s,' 1H), 7.76 (m, 2H), 7.66-7.52 (m, 4H), 7.47 (d, J

= 9.3 Hz, 1H), 7.29 (d, J= 2.4 Hz, 1H), 6.96 (dd, J= 8.8, 2.4 Hz, 1H), 6.10 (s, 2H), 4.37

(m, 2H), 2.87-2.78 (m, 4H), 1.77 (m, 4H), 1.55-1.40 (m, 4H), 0.95 (t, J = 7.3 Hz, 3H);

30 13C NMR (125 MHz, DMSO-de) 8 153.2, 152.2, 149.9, 140.8, 138.8, 132.7, 132.1, 129.5,

127.7, 127.1, 126.7, 1 17.1, 1 15.5, 103.6, 44.7, 42.6, 30.0, 27.7, 26.5, 26.4, 22.3, 14.2;
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MS (APCI) m/z 468 (M + H)
+

;

Anal. Calcd. for C^sNsOsS-O.^ H20: %C, 61.11; %H, 6.30; %N, 14.85; %S, 6.80.

Found: %C, 61.16; %H, 6.32; %N, 14.89; %S, 6.85.

5 Example 97

N-[4-(4-Amino-2-butyl-8-hydroxy- li7-imidazo[4,5-c]quinolin- 1 -yl)butyl]morpholine-4-

carboxamide

The crude product was recrystallized from methanol (29 mL/g); the crystals were

isolated by filtration, washed with cold methanol, and dried for several days in a vacuum

10 oven to provide 0.21 g of7V-[4-(4-amino-2-butyl-8-hydroxy-l//-imidazo[4,5-c]quinolin-l-

yl)butyl]morpholine-4-carboxamide as a white solid, mp 177 - 182 °C.

!H NMR (300 MHz, DMSO-de) 5 9.33 (s, 1H), 7.46 (d, / = 8.8 Hz, 1H), 7.32 (d, J = 2.4

Hz, 1H), 6.96 (dd, J = 9.3, 2,9 Hz, 1H), 6.53 (t, J= 5.4 Hz, 1H), 6.08 (s, 2H), 4.42 (t, / =

7.3 Hz, 2H), 3.49 (m, 4H), 3.20 (m, 4H), 3.10 (m, 2H), 2.89 (m, 2H), 1.78 (m, 4H), 1.58

15 (m, 2H), 1 .44 (m, 2H), 0.95 (m, 3H);

13CNMR (75 MHz, DMSO-d6) 5 158.0, 153.1, 152.2, 150.0, 138.9, 132.1, 127.8, 127.2,

117.0, 115.6, 103.5, 66.3, 44.9, 44.1, 30.1, 27.9, 27.2, 26.5, 22.3, 14.2;

MS (APCI) m/z 441 (M + H)
+

;

Anal. Calcd. for C^H^NeOs: %C, 62.71; %H, 7.32; %N, 19.08. Found: %C, 62.36; %H,

20 7.40; %N, 18.96.

Example 98

iV^[4-(4-Ammo-2-ethyl-8-hydroxy-lif-imidazo[4,5-c]qumolin-l-yl)butyl]beiizamide

The crude product was recrystallized from chloroform and dried for several days in

25 a vacuum oven at 70 °C. The solid was triturated with diethyl ether and then dissolved in

a mixture of dichloromethane and methanol. The solvents were removed under reduced

pressure, and the resulting powder was dried for several days in a vacuum oven at 70 °C to

provideA7-[4-(4-amino-2-ethyl-8-hydroxy-l#-imidazo[4,5-c]quinolin- 1 -

yl)butyl]benzamide as an off-white powder.

30
lHNMR (300 MHz, DMSO-d6) 5 9.39 (m, 1H), 8.50 (m, 1H), 7.81 (m, 2H), 7.50-7.44 (m,

4H), 7.37 (d, J= 2.5 Hz, 1H), 6.98 (dd, J= 8.7, 2.5 Hz, 1H), 6.16 (s, 2H), 4.46 (m, 2H),
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3.34 (q, J= 6.2 Hz, 2H), 2.92 (m, 2H), 1.88 (m, 2H), 1.71 (m, 2H), 1.34 (t, 7.5 Hz,

3H);

13CNMR(75MHz,DMSO-d6)S166.7, 154.2, 152.3, 150.0, 138.8, 135.0, 132.3, 131.4,

128.6, 127.7, 127.5, 127.1, 117.1, 115.5, 103.6,44.8,27.9,26.6, 20.3, 12.4;

5 MS (APCI) m/z 404 (M + H)
+

;

Anal. Calcd. for C23H25N5O2-0.50 H20: %C, 66.97; %H, 6.35; %N, 16.98. Found: %C,

66.80; %H, 6.16; %N, 16.79.

Example 99

1 0 A^-[4-(4-Amino-8-hydroxy-2-methyl-l^-imidazo[4,5-c]quinolin-l -yl)butyl]morpholine-4-

carboxamide

The crude product was purified by column chromatography on silica gel (100 mL.

eluting with 84:15:1 dichloromethane.-methanol :ammonium hydroxide) to provide 0.280 g

ofA^-[4-(4-amino-8-hydroxy-2-methyl-lH4midazo[4,5-c]quinolin-l-yl)butyl]morpholine-

1 5 4-carboxamide as an off-white powder.

}HNMR (300 MHz, DMSO-d5) 8 9.31 (s, 1H), 7.46 (d, J = 8.7 Hz, 1H), 7.32 (d, J = 2.5

Hz, 1H), 6.95 (m, 1H), 6.51 (m, 1H), 6.10 (s, 2H), 4.41 (t, /= 7.5 Hz, 2H), 3.49 (m, 4H),

3.20 (m, 4H), 3.10 (m, 2H), 2.58 (s, 3H), 1.81 (m, 2H), 1.54 (m,2H);

13C NMR (125 MHz, DMSO-d6) 8 157.1, 151.3, 149.0, 148.9, 138.0, 131.3, 126.9, 126.1,

20 116.1, 114.6. 102.5, 65.3, 44.3, 43.3, 26.7, 26.3, 13.0;

MS (APCI) m/z 399 (M + H)
+

;

Anal. Calcd. for C2oH26N603«0.25 H20: %C, 59.61; %H, 6.63; %N, 20.86. Found: %C,

59.54; %H, 6.59; %N, 20.71.

25 Example 100

A^-[4-(4-Aminc^2-ethoxymethyl-8-hydroxy-l Jftr-imidazo[4
55-c]quinolin-l-

yl)butyl]morpholine-4-carboxamide

The crude product was triturated with diethyl ether and dried overnight in a

vacuum oven at 60 °C. The solid was then mixed with methanol, and the mixture was

30 concentrated under reduced pressure. The solid was then dried for two days in a vacuum
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oven at 60 °C to provide A^[4-(4-amino-2-ethoxymethyl-8-hydroxy-l//-imidazo[4,5-

c]quinolin-l-yl)butyl]moipholine-4-carboxamide as a fine, pinkish-white powder.

]HNMR (300 MHz, DMSO-d6) 8 6.40 (s, 1H), 7.48 (d, J = 9.4 Hz, 1H), 7.34 (d, J = 2.5

Hz, 1H), 6.99 (dd, J= 8.7, 2.5 Hz, 1H), 6.53 (m, 1H), 6.26 (s, 2H), 4.76 (s, 2H), 4.48 (m,

5 2H), 3.56-3.47 (m, 6H), 3.20 (m, 4H), 3.11 (m, 2H), 1.85 (m, 2H), 1.60 (m, 2H), 1.16 (m,

3H);

13CNMR(75 MHz, DMSO-d6) 5 158.0, 152.4, 150.2, 149.1, 139.1, 123.9, 127.7, 126.9,

117.6, 115.4, 103.9, 66.3,65.7, 64.6,45.7,44.1,28.0,27.3, 15.3;

MS (APCI) m/z 443 (M + H)
+

;

10 Anal. Calcd. for C22H30N6(V0.77 H20: %C, 57.90; %H, 6.97; %N, 18.41. Found: %C,

58.29; %H, 6.95; %N, 18.45.

Example 101

Ar-[4-(4-Ammo-8-hydroxy-2-methyl-lH-imidazo[4,5-c]quinolin-l-yl)butyl]benzamide

1 5 The crude product was recrystallized from methanol (10 mL); the crystals were

isolated by filtration and dried in a vacuum oven at 60 °C to provide 0.106 g of7V^[4-(4-

amino-8-hychoxy-2-methyl-li^-imidazo[4,5-c]quinohn-l-yl)butyl]beiizamide as a pink,

crystalline solid.

]HNMR (300 MHz, DMSO-d6) 8 9.33 (s, 1H), 8.48 (t, J =5.6 Hz, 1H), 7.79 (m, 2H),

20 7.51-7.41 (m,4H), 7.35 (d, .7=2.5 Hz, 1H), 6.96 (dd, J = 9.3, 2.5 Hz, 1H), 6.11 (s, 2H),

4.46 (m, 2H), 2.58 (s, 3H), 1.88 (m, 2H), 1.68 (m, 2H);

13C NMR (75 MHz, DMSO-de) 8 166.7, 152.2, 149.9, 149.8, 138.9, 135.0, 132.2, 131.4,

128.6, 127.8, 127.5, 127.0, 117.0, 115.5, 103.4, 45.2,27.7, 26.6, 13.9;

MS (APCI) m/z 390 (M + H)
+

;

25 Anal. Calcd. for C22H23N5O2-0.50 H20: %C, 66.32; %H, 6.07; %N, 17.58. Found: %C,

66.26; %H, 5.88; %N, 17.55.
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Example 102

A44<4-Amino-2-ethyl-8-hydro^

carboxamide

The crude product was recrystallized from 2-propanol; the crystals were dried for

two days in a vacuum oven and then dissolved in a mixture of ethanol, methanol, and

dichloromethane. The solvents were removed under reduced pressure, and the resulting

solid was triturated with diethyl ether and dried in a vacuum oven to provide iV-[4-(4-

amino^-ethyl-S-hydroxy-l^-imidazo^^-cjquinolin-l-y^butyljmorpholine^-

carboxamide as an off-white powder.

'H NMR (300 MHz, DMSO-d6) 5 9.34 (s, 1H), 7.47 (d, J= 8.7 Hz, 1H), 7.32 (d, J= 1.9

Hz, 1H), 6.97 (dd, J = 8.7, 2.5 Hz, 1H), 6.53 (m, 1H), 6.10 (s, 2H), 4.42 (t, J= 7.5 Hz,

2H), 3.49 (m, 4H), 3.20 (m, 4H), 3.10 (m, 2H), 2.92 (q, J= 7.5 Hz, 2H), 1.80 (m, 2H),

1.56 (m, 2H), 1.36 (t, J= 7.5 Hz, 3H);

13CNMR(75 MHz, DMSO-d6) 6 158.0, 154.2, 152.3, 149.9, 138.7, 132.3, 127.7, 127.0,

117.1, 115.5, 103.6, 66.2, 44.9, 44.1, 27.8, 27.2, 20.3, 12.5;

MS (APCI) m/z 413 (M + H)
+
;

Anal. Calcd. for C2iH28N6O3'0.75 H20: %C, 59.21; %H, 6.68; %N, 19.73. Found: %C,

59.09; %H, 6.78; %N, 19.42.

Example 103

iV^[4-(4-Amino-2-emyl-8-hydroxy-liy-imidazo[4,5-c]quinolin-l-

yl)butyl]methanesulfonamide

The crude product was recrystallized from ethanol in the presence of activated

carbon (0.1 g). The crystals were isolated by filtration, washed with cold ethanol, and then

dissolved in a mixture ofmethanol, dichloromethane, and methanol. The solvent was

filtered, concentrated under reduced pressure, and dried under high vacuum at 70 °C to

provide 0.36 g ofA^[4-(4-amino-2-emyl-8-hydroxy-liy-imidazo[4,5-c]quinolin-l-

yl)butyl]methanesulfonamide as a white solid, mp 127.8 - 130.2 °C.

XHNMR (300 MHz, DMSO-ds) 5 9.34 (s, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.34 (d, J = 2.9

Hz, 1H), 7.03-6.94 (m, 2H), 6.14 (s, 2H), 4.43 (m, 2H), 3.02-2.90 (m, 4H), 2.86 (s, 3H),

1.85 (m, 2H), 1.62 (m, 2H), 1.37 (t, J= 7.3 Hz, 3H);
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13CNMR(75 MHz, DMSO-d6) 8 154.2, 152.3, 149.9, 138.6, 132.3, 127.6, 127.0, 117.1,

115.5, 103.6, 44.7, 42.5, 27.7, 26.7, 20.3, 12.4;

MS (APCI) m/z 378 (M + H)
+

;

Anal. Calcd. for CnlfeNsOaS'O.SO H2Or %C, 52.83; %H, 6.26; %N, 18.12; %S, 8.30.

5 Found: %C, 52.86; %H, 6.30; %N, 18.25; %S, 8.29.

Example 104

2-(Ethoxymethyl)-7-[(2-methylbenzyl)oxy]- 1-(2-methylpropyl)-lif-imidazo[4,5-

c]quinolin-4-amine

4-Amino-2-ethoxymethyl-l -(2-methylpropyl)- l//-imidazo[4,5-c]quinolin-7-ol (750

mg, 2.39 mmol) was dissolved with heating in DMF (50 mL). Solid cesium carbonate

(1.55 g, 4.77 mmol) was added. After 15 minutes, 2-mcthylbcnzyl chloride (487 mg, 2.63

mmol) was added to the mixture. The reaction was stirred overnight at ambient

1 5 temperature, then was poured onto water (500-750 mL) and a milky white precipitate

formed immediately. The mixture was stirred for 1 hour, and then the precipitate was

isolated by filtration. The solid was purified by flash chromatography (silica gel, gradient

elution with 0.5-2% methanol in chloroform) followed by recrystallization from 2-

propanol. The final product was isolated by filtration and dried overnight under vacuum at

20 60 °C to provide 780 mg of 2-(ethoxymethyl)-7-[(2-methylbenzyl)oxy]-l-(2-

methylpropyl)-li^-imidazo[4,5-c]quinolm-4-amine as an offwhite solid, mp 216.0-218.0

°C.

Anal, calcd for C25H30N4O2: C, 7L74; H, 7.22; N, 13.39. Found: C, 71.70; H, 7.57; N,

13.30.

25
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Example 105

(4-Amino-8-benzyloxy-^

2-ol

5 PartA
1 - {[3-Amino-6-(benzyIoxy)quinolin-4-yl]amino }-2-methylpropan-2-ol was

prepared according to the general methods described in Parts A and B ofExample 54

using 6-benzyloxy-4-chloro-3-nitroquinoline in lieu of 7-benzyloxy-4-chloro-3-

nitroquinoline in Part A. Ethoxyacetyl chloride (5.37 g, 43.8 mmol) was added to a

10 solution of l-{[3-amino-6-(benzyloxy)quinoline-4-yl]amino}-2-methylpropan-2-ol (7.45

g, 22.1 mmol) in acetonitrile (230 mL), and the reaction was stirred overnight. The

solvent was removed under reduced pressure, and the residue was dissolved in

dichloromethane. The resulting solution was washed with aqueous sodium bicarbonate,

dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The

1 5 residue was purified by column chromatography on a HORIZON HPFC system (an

automated, modular high-performance flash purification product available from Biotage,

Inc, Charlottesville, Virginia, USA) (silica gel cartridge, eluting with

dichloromethanemethanol ranging in ratios from 98:2 to 95:5) to provide A/-{6-

benzyloxy-4-[(2-hydroxy-2-methylpropyl)amino]quinolin-3-yl}-2-ethoxyacetamide

20 hydrochloride.

PartB

The material from Part A was treated with a solution ofammonia in methanol (2

M) in a pressure vessel. The reaction was heated at 160 °C for six hours and then

concentrated under reduced pressure to provide (8-benzyloxy-2-ethoxymethyl-lZf-

25 imidazo[4,5-c]quinolin- 1 -yl)-2-methylpropan-2-ol as a white solid, mp 138-140 °C.
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PartC

Peracetic acid (2.0 mL of32% by weight in dilute acetic acid, 9.5 mmol) was

added to a solution of (8-benzyloxy-2-ethoxyme^

methylpropan-2-ol (2.5 g, 6.2 mmol) in ethyl acetate (400 mL), and the reaction was

5 stirred for two days at ambient temperature. The volatiles were removed under reduced

pressure, and the residue was dissolved in dichloromethane. The resulting solution was

washed with aqueous sodium bicarbonate and water, dried over magnesium sulfate,

filtered, and concentrated under reduced pressure. The crude product was recrystallized

from a mixture of ethyl acetate, hexanes, and 2-propanol and then purified by column

10 chromatography on a HORIZON HPFC system (silica gel cartridge, eluting with

dichloromethane:methanol ranging in ratios from 98:2 to 90:10) to provide 1.9 g of (8-

benzyloxy-2-ethoxymethyl-5-oxido-177-imidazo[4 ?5-c]quinolin- 1 -yl)-2-methylpropan-2-ol

as a solid, mp 228-230 °C.

PartD

15 A modification ofthe general method described in Part G ofExample 54 was used

to aminate (8~benzyloxy-2-ethoxymethyl-5-oxido-liy-imidazo[435-c]quinolin-l-yl)-2-

methylpropan-2-ol (1 .45 g, 3.44 mmol). The reaction was stirred for three hours, and after

the aqueous work-up the product was recrystallized from 2-propanol to provide (4-amino-

8-benzyloxy-2-ethoxymethyl- li/-imidazo[4,5-c]quinolin- 1 -yl)-2-methylpropan-2-ol as a

20 white, crystalline solid, mp 1 8 1 -1 82 °C.

Anal. Calcd. for C24H28N4O3: %C, 68.55; %H, 6.71: %N, 13.32. Found: %C, 68.45; %H,

6.62; %N, 13.46.
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Example 106

TV-[4-(4-Amino-7-ber^

yl)butyl]methanesulfonamide

Part A
tert-Butyl iV-(4-aminobutyl)carbamate (28.6 g, 152.0 mmol) was added dropwise to

a solution of7-benzyloxy-4-chloro-3-nitroquinoline (40.7 g, 138 mmol), prepared in Parts

A-D ofExample 1, and triethylamine (38.5 mL, 276 mmol) in dichloromethane over a

period of 1.5 hours. After the reaction was stirred for 18 hours, the reaction mixture was

washed twice with water and once with saturated aqueous sodium chloride. The organic

was dried over anhydrous magnesium sulfate, filtered and concentrated under reduced

pressure. The crude product was recrystallized from 2-propanol to afford 51.4 g of tert-

butyl [4-(7-benzyloxy-3~nitroquinolin-4-ylamino)butyl]carbamate as a golden brown

powder.

PartB

tert-Butyl [4-(7-benzyloxy»3-nitroquinolin-4-ylamino)butyl]carbamate (20.36 g,

43.6 mmol) was slurried in toluene (450 mL) and added to a Parr vessel charged with 5%

platinum on carbon (4.3 g) and a small amount of toluene. 2-Propanol (50 mL) was added,

and the vessesl was charged with hydrogen (30 psi, 2.1 x 10
5
Pa). The hydrogen was

replaced three times. After 4 hours, the catalyst was removed by filtration through a layer

ofCELITE filter aid, and the filter cake was rinsed with toluene (0,5 L), 50% toluene/2-

propanol (0.5 L), and 2-propanol (0.25 L). The filtrate was concentrated under reduced

pressure, and the residue was mixed with toluene and concentrated under reduced pressure
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to provide 20.7 g of tert-butyl [4~(3-amino-7-benzyloxyquinolin-4-

ylamino)butyl]carbamate as a viscous, black oil

PartC

tert-Butyl [4-(3-ainmo-7-bcnzyloxyquinolin-4-ylaiiiino)butyl]carbamate (20.7 g,

5 43.6 mmol) was dissolved in toluene (225 mL). Pyridine hydrochloride (2.03 g) and

trimethyl orthopropionate (6.2 mL, 43.6 mmol) were added, and the mixture was heated at

reflux fpr 3.25 hours. The reaction was allowed to cool to room temperature; a fine

precipitate formed. The precipitate was isolated by filtration and washed with toluene.

The off-white solid was allowed to dry for 2 hours under vacuum. The filtrate was

10 evaporated, and the residue was dissolved in dichloromethane. The resulting solution was

washed with water and brine, dried over magnesium sulfate, filtered and concentrated

under reduced pressure to afford a brown amorphous solid. The solids were combined to

provide 17.2 g of tert-butyl [4-(7~benzyloxy-2-ethyl-li7~imidazo[49
5-c]quinolin-l-

yl)butyl]carbamate.

15 PartD

mCPBA (10.6 g, 33.7 mmol) was added in one portion to a solution of tert-butyl

[4-(7-benzyloxy-2-ethyl-li7-imidazo[^^ (16.0 g, 33.7

mmol) in chloroform (270 mL). After the reaction was stirred for 1 .5 hours, ammonium

hydroxide (270 mL) was added. The mixture was stirred for 15 minutes, andp-

20 toluenesulfonyl chloride (6.42 g, 33.7 mmol) was added in three portions. The reaction

was stirred for 18 hours. The layers were separated, and the aqueous layer was extracted

with dichloromethane. The combined organic fractions were washed with water and brine,

dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue

was recrystallized from acetonitrile to afford 9.73 g of fert-butyl [4-(4-amino-7-

25 benzyloxy-2-ethyl-177-imidazo[^ as a gray powder.

PartE

Concentrated hydrochloric acid (18 mL) was added to a solution of fert-butyl [4-(4-

amino-7-benzyloxy-2-ethyl-l/W (9.0 g, 18

mmol) in ethanol (100 mL), and the reaction was stirred for 15 minutes. The ethanol was

30 removed under reduced pressure, and the residue was twice dissolved in ethanol and

concentrated under reduced pressure. The solid residue was stirred with brine (25 mL) and
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water (100 mL), and the pH of the mixture was adjusted to 14 with the addition of50%

aqueous sodium hydroxide. Dichloromethane was added, and the layers were separated.

The aqueous layer was extracted twice with dichloromethane (100 mL) and twice with

chloroform (100 mL). The combined organic fractions were dried over sodium sulfate,

5 filtered, and concentrated under reduced pressure to provide 7.00 g of 1 -(4-atninobutyl)-7-

benzyloxy-2-ethyl-l/ir-imidazo[4,5-c]quinolin-4-amine as an off-white powder.

PartF

l-(4-Aminobutyl)-7-benzyloxy-2-ethy (7.0 g,

18 mmol) was mixed with chloroform (180 mL), and the suspension was cooled with an

10 ice/water bath. Methanesulfonyl chloride (1.59 mL, 20.5 mmol) was added dropwise, and

the reaction was stirred for 18 hours. Saturated aqueous sodium carbonate was added to

the solution, and the layers were separated. The precipitate in the aqueous layer was

isolated by filtration, washed with ethanol and diethyl ether, and recrystallized from a

mixture ofmethanol and chloroform. During the recrystallization, the hot solution was

15 filtered through a glass fiber filter. iV-[4-(4-Amino-7-benzyloxy-2-ethyl-l//-imidazo[4,5-

^]quinolin-l-yl)butyl]methanesulfonamide (2.96 g) was isolated as an off-white solid. The

organic layer was concentrated under reduced pressure, and the residue was stirred with

boiling methanol and isolated by filtration to afford 1.90 g ofA^-[4-(4-amino-7-benzyloxy-

2-ethyl-liy-imidazo[4,5-c]quinolin-l-yl)butyl]methanesulfonamide as a white solid, mp

20 213.5-215 °C.

*H NMR (300 MHz, DMSO-^) 5 7.93 (d, J= 9.0 Hz, 1H), 7.49-7.29 (m, 5H), 7.11 (d, J=

2.6 Hz, 1H), 6.98-6.95 (m, 1H), 6.96 (dd, J= 8.8, 2.7 Hz, 1H), 6.36 (s, 2H), 5.19 (s, 2H),

4.47-4.42 (m, 2H), 2.96 (q, /= 6.6 Hz, 2H), 2.88 (q, J= 7.5 Hz, 2H), 2.84 (s, 3H), 1.86-

1.76 (m, 2H), 1.64-1.54 (m, 2H), 1.35 (t
5
J- 7.4 Hz, 3H);

25 MS (ESI) m/z 468.2077 (Calcd. For C24H29N5O3S 468.2069, M+H);

Anal. Calcd. for C24H29N5O3S: %C, 61.65; %H, 6.25; %N, 14.98. Found: %C, 61.51;

%H, 6.30; %N, 14.98.
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Example 107

i\r-[4-(4-Amino-2-ethyl-7-hydroxy- li/-imidazo[4,5-c]quinolin- 1 -

yl)butyl]methanesulfonamide

A warm solution ofA^[4-(4-amino-7-benzyloxy-2-ethyl-lH-imidazo[43
5-

c]quinolin- 1 -yl)butyl]methanesulfonamide (2.00 g, 4.28 mmol), prepared in Example 106,

in acetonitrile (250 mL) and methanol (50 mL) was added to a Parr vessel containing 10%

10 palladium on carbon (1.00 g) and a small amount of acetonitrile. The vessel was placed

under hydrogen pressure (25 psi, 1.7 x 10
5
Pa) and recharged three times with hydrogen

over a period of21 hours. Concentrated hydrochloric acid (30 mL) was then added to the

reaction mixture, which was filtered through a layer ofCELITE filter aid. The filter cake

was washed with water (200 mL), and the filtrate was concentrated under reduced

1 5 pressure. Ethanol (2 x 1 00 mL) was added to the residue and concentrated under reduced

pressure to afford a white solid. The solid was mixed with water (30 mL), and the pH was

adjusted to 8 with the addition of 1M aqueous sodium hydroxide. The resulting white,

granular precipitate was isolated by filtration, washed with water and ethanol, stirred with

hot ethanol, and isolated by filtration to provide 0.860 g ofA^*[4-(4-amino-2-ethyl-7-

20 hydroxy- 1i^-imidazo[4,5~c]quinolin- 1»yl)butyl]methanesulfonamide as a white powder,

mp 220°C (decomposition).

*HNMR (300 MHz, DMSO-d6) 8 9.42 (s, 1H), 7.83 (d, J= 8.9 Hz, 1H), 6.97 (t, J— 5.8

Hz, 1H), 6.93 (d, J= 2.4 Hz, 1H), 6.78 (dd, /= 8.8, 2.4 Hz, 1H), 6.29 (s, 2H), 4.44-4.39

(m, 2H), 2.99-2.84 (m, 4H), 2.84 (s, 3H), 1.86-1.76 (m, 2H), 1.64-1.55 (m, 2H), 1.34 (t, J

25 -7.4 Hz, 3H);
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13C NMR (75 MHz, DMSO-d6) 5 156.0, 152.6, 151.6, 146.5, 132.9, 124.4, 120.9, 111.9,

109.6, 108.0, 44.1, 41.9, 39.1, 26.9, 26.3, 19.8, 12.0;

MS (ESI) m/z 378.1597 (Calcd. for C17H23N5Q3S 378.1600, M+H).

Anal. Calcd. for C17H23N503S: %C, 54.09; %H, 6.14; %N, 18.55. Found: %C, 53.83;

%H, 6.35; %N, 18.21.

Example 108

2-Ethoxymethyl- 1 -(2-m^

liy-imidazo[4,5-c]quinolin-4-amine

Part A

A mixture of 5-hydroxyanthranilic acid (100 g, 0.653 mol) and acetic anhydride

(500 mL, 5.29 mol) was stirred at reflux for 2 hours. The solution was concentrated under

reduced pressure and the residue was dried overnight under reduced pressure to provide

143 g of 6-acetoxy-2-methylbenzo[d][l,3]oxazin-4-one as an offwhite solid.

PartB

A solution of 6-acetoxy-2-methylbenzo [d] [1,3]oxazin-4-one (143 g, 0.653 mol) in

1.44 L of glacial acetic acid was stirred overnight with sodium azide (44.66 g, 0.687 mol).

The solution was concentrated under reduced pressure and toluene (1.2 L) was then added.

After stirring for one hour, a solid formed. The solid was recovered by filtration and then

dried overnight under reduced pressure. The solid was dissolved in 2 L ofwater and the

pH was adjusted to 1 with concentrated hydrochloric acid. After stirring for 3 hours, the

resulting solid was filtered and dried overnight under a flow of air to give 164.1 g of 5-

acetoxy-2-(5-methyltetrazol-l-yl)benzoic acid as an offwhite solid.
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PartC

Cesium carbonate (176 g, 1.13 mol) was added to a solution of 5-acetoxy-2-(5-

methyltetrazol- 1 -yl)benzoic acid (164 g, 0.620 mol) in 1.8 L of acetone. The mixture was

stirred vigorously and iodoethane (1 16 g, 0.682 mol) diluted with 100 mL of acetone was

5 added dropwise over a one-hour period. The reaction was stirred overnight at ambient

temperature and was then concentrated under reduced pressure. The resulting solid was

partitioned between dichloromethane and water. The aqueous fraction was extracted with

dichloromethane and the combined organic fractions were dried over sodium sulfate,

filtered, and concentrated to give 166 g of ethyl 5-acetoxy-2-(5-methyltetrazoH-

10 yl)benzoate as a brown oil.

PartD

Ethyl 5-acetoxy-2-(5-methyltetrazol- 1 -yl)benzoate (164 g, 0.565 mol) was

dissolved in 500 mL ofDMF and immersed in a water bath. Potassium ethoxide (52.3 g,

0.621 mol) was added to this solution portionwise, keeping the reaction temperature below

15 40 °C. After 30 minutes, the reaction was poured into 4 L ofwater and ammonium

chloride was added to the solution until the product precipitated. After one hour of

stirring, the precipitate was filtered and dried under a flow of air to give 98.5 g of ethyl 5-

hydroxy-2-(5-methyltetrazol-l-yl)benzoate as a white solid.

PartE

20 Potassium carbonate (1 10 g, 0.793 mol) was added to a solution of ethyl 5-

hydroxy-2-(5-methyltetrazol-l-yl)benzoate (98.5 g, 0.397 mol) in 500 mL ofDMF. After

vigorous stirring for 30 minutes, benzyl bromide (75 g, 0.438) was added and the reaction

was stirred overnight. The solution was filtered and then concentrated under reduced

pressure (at 50 °C). The resulting solid was slurried in 400 mL of dichloromethane and

25 filtered. The filtrate was concentrated under reduced pressure to give 1 1 5 g of ethyl 5-

benzyloxy-2~(5-methyltetrazol- 1 -yl)benzoate as a brown oil.

PartF

Potassium ethoxide (57.5 g, 0.682 mol) was added portionwise to a solution of

ethyl 5-benzyloxy-2-(5-methyltetrazol-l-yl)benzoate (115.6 g, 0.341 mol) in 550 mL of

30 DMF. The reaction exothermed and the temperature increased by 35 degrees. The

reaction mixture was cooled in an ice bath and stirred for 1 hour. The solution was then
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poured into 6 L ofwater containing 500 g ofammonium chloride. A yellow-orange

precipitate formed. After stirring overnight, the reaction was filtered. The recovered solid

was dried at 50 °C in a vacuum oven to provide 100 g of 7-(benzyloxy)tetraazolo[l,5-

#]quinolin-5-ol.

5 Part G

A slurry of 7-(benzyloxy)tetraazolo[l
7
5-a]quinolin-5-ol (99.7 g, 0.341 mol) in 500

mL of acetic acid was prepared and, to this, nitric acid was added (70%, 28.2 mL, 0.443

mol). The mixture was heated at 100 °C for 30 minutes. The reaction was then cooled to

15 °C and filtered. The solid was dried for 2 days under a flow of air to provide 81 g of 7-

1 0 benzyloxy~4-nitrotetraazolo[ 1
5
5-a]quinolin-5-ol as a light tan solid.

PartH

DMF (50 mL) was cooled to 0 °C, and phosphorous oxychloride (10.92 g, 71.2

mmol) was added dropwise. The cooling bath was removed and after stirring for 30

minutes, the resulting peach colored solution was added dropwise to a slurry of 7-

15 benzyloxy-4-nitrotetraazolo[l,5-a]quinolin-5-ol (20 g, 59.3 mmol) in DMF (15 mL). The

reaction was stirred until the starting material had been consumed and was then poured

over 2 L of ice. The resulting yellow-brown precipitate was filtered, rinsed with water,

and then slurried in dichloromethane. To this slurry was added isobutylamine (21.6 g, 297

mmol) and the mixture was stirred overnight at ambient temperature. The mixture was

20 then filtered, the filtrate dried over sodium sulfate, and concentrated under reduced

pressure to provide 23 g of a dark green solid. The material was purified using

chromatography on silica, eluting with a gradient of 0-4% methanol in chloroform. A final

recrystallization from acetonitrile yielded 10 g of 7-(benzyloxy)-AL(2-methylpropyl)-4-

nitrotetraazolo[ 1 ,5-a] quinolin-5-amine as a yellow-brown solid.

25 Parti

7-(Benzyloxy)-iV-(2"-methylpropyl)-4-nitrotetraazolo[ 1 ,5-a]quinolm-5-amine (10 g,

25.4 mmol) was shaken in 200 mL of acetonitrile with 5% platinum on carbon (1 g) under

50 psi (3.45 x 10
5
Pa) ofhydrogen. After 5 hours, the mixture was filtered through

CELITE filter agent. Some product was isolated as a solid on the top ofthe filter cake.

30 This solid was collected, dissolved in warm DMF, and filtered again through fresh

CELITE filter agent. The combined filtrates were cooled and allowed to sit overnight.
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The resulting precipitate was collected in 2 crops to yield 7.6 g of 7-(benzyloxy)-AT
5
-(2-

methylpropyl)tetraazolo[l 3
5-a]quinoline-495-diamine as a brown solid.

Part J

Ethoxyacetyl chloride (2.7 g, 22 mmol) was added dropwise to a solution of 7-

5 (benzyloxy)-AT
5
-(2-methylpropyl)tetraazolo [ 1 ,5-a]quinoline-4?

5-diamine (7 .6 g5 2 1 mmol)

in 200 mL ofpyridine. The solution was stirred for 1 hour and additional ethoxyacetyl

chloride was added. The solution was refluxed overnight, after which the solvent was

removed. The solid material was dissolved in 300 mL of chloroform and stirred with 150

mL of 1% aqueous sodium carbonate. The pH was adjusted to 10 with 10% sodium

10 hydroxide. The organic fraction was washed with 2 portions of 1% sodium carbonate and

once with brine solution. The organic fraction was then dried over sodium sulfate and

concentrated to give 8.8 g of 8-(benzyloxy)-5-(ethoxymethyl)-6-(2-methylpropyl)-6i7-

imidazo[4,5-c]tetraazolo[l ?
5-a]quinoline as a tan solid. A small portion was recrystallized

from ethanol to provide an analytical sample, mp 183.5-184.5 °C.

15 Anal. Calcd. For C24H26N6O2: %C, 66.96; %H, 6.09; %N, 19.52. Found: %C, 66.62;

%H,5.81;%N, 19.48.

PartK

8-(Benzyloxy)-5-(ethoxyme

c]tetraazolo[l ?
5-a]quinoline (8 g, 18.6 mmol) was shaken overnight in 100 mL of ethanol

20 and 300 mL of acetonitrile with 10% palladium on carbon (1 g) under 50 psi (3.45 x 10
5

Pa) ofhydrogen. The mixture was shaken with additional catalyst for another day. The

mixture was diluted with 500 mL ofmethanol; heated to near reflux; and filtered through

CELITE filter agent. Upon cooling, a precipitate formed. The solid (4.2 g) was recovered

by filtration. The filtrate was concentrated to dryness, slurried again in methanol, and

25 filtered to provide a second crop of solid (1 g). The second crop was recrystallized from

methanol : acetonitrile to yield 650 mg of 5-(ethoxymethyl)-6-(2-methylpropyl)-6i7-

imidazo[4 7
5-c]tetraazolo[l 3

5-a]qumolin-8-ol as a white solid.

Anal. Calcd. for C17H20N6Q2: %C, 59.99; %H, 5.92; %N, 24.69. Found: %C, 59.82;

%H, 5.89; %N, 24.89.

-175-



WO 2005/020999 PCT/US2004/028021

PartL

5-(Ethoxymethyl)-6-(2-methy^^

8-ol (260 mg, 0.76 mmol), was stirred in 10 mL of tetrahydrofuran (THF), 3-

pyridylcarbinol (87 mg, 0.80 mmol), and triphenylphosphine (299 mg5 1.14 mmol).

5 Diisopropyl azodicarboxylate (231 mg, 1.14 mmol) was added dropwise to the mixture.

After 30 minutes, 2 additional drops of 3-pyridylcarbinol were added and the reaction was

stirred overnight at ambient temperature. Analysis by thin layer chromatography indicated

that a small amount of starting material still remained. Additional amounts of the reagents

were added until all of the starting material was consumed. The reaction was filtered

10 through an acidic ion exchange resin and the resin was washed with methanol, followed by

1M ammonia in methanol. The filtrate was concentrated under reduced pressure to

provide 280 mg of 5-(ethoxymethyl)-6-(2-methylpropyl)-8-(pyridin-3-ylmethoxy)-6i/-

imidazo[4,5-c]tetraazolo[l,5-a]quinoline as an offwhite solid.

PartM

15 5-(Ethoxymethyl)-6-(2-methylpro^

c]tetraazolo[l,5-a]quinoline (300 mg, 0.69 mmol) and triphenyphosphine (1 g, 4.17 mmol)

were combined in a sealed vial and heated at 150 °C with stirring for 4 hours. The

reaction was cooled to ambient temperature; diluted with chloroform; and purified by

flash column chromatography on silica eluting with 5-10% gradient ofmethanol in

20 chloroform. The clean fractions were concentrated under vacuum to provide a brown

solid. This solid was refluxed for 1 hour in 4 mL of3M aqueous HQ. The pH was

adjusted to 14 by adding solid potassium hydroxide, and the resulting precipitate was

filtered. The solid was dried under reduced pressure to provide 2-ethoxymethyl-l-(2-

methylpropyl)-8-(pyridin-3-ylmethoxy)-lJ?-imidazo[4,5-c]quinolin-4-amine as an off-

25 white solid, mp 204.0-206.0 °C.

MS (APCT) m/z 406 (M + H)+ ;

Anal. Calcd. For C23H27N5O2: %C, 68.12; %H, 6.71; %N, 17.27. Found: %C, 67.47; %H,

7.13; %N, 17.09.
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Example 109

3-{ [(4-Amino-2-ethoxymethyl-l -(2-methylpropyl)-

177-imidazo[4?
5-c]quinolin-8-yl)oxy]methyl}benzoic acid

OH

5 Part A
5-(Ethoxymethyl)-6-^ 1 ,5-a]quinolin-

S-ol, 4.0 g, 1 1.75 nunol was dissolved in 100 mL ofDMF and stirred with potassium

carbonate (3.3 g, 23.5 mmol) for 30 minutes. To this mixture was added methyl 3-

(bromomethyl) benzoate (2.8 g9
12.33 mmol) and the reaction was stirred overnight. The

10 reaction was poured into 10 volumes ofwater and the precipitate was sequentially filtered,

dissolved in dichloromethane, dried over magnesium sulfate, filtered, and concentrated to

give 6.1 g ofmethyl 3-{[(5-ethoxynaethyl-6-(2-methylpropyl)-6i7-imidazo[4,5-

c]tetraazolo[l,5-a]quinolin-8-yl)oxy]methyl}benzoate as a white solid.

PartB

1 5 Methyl 3-{ [(5-ethoxymethyl-6-(2-methylpropyl)-6^-imidazo[4,5-c]tetraazolo[ 1 ,5-

tf]quinolin-8-yl)oxy]methyl}benzoate (2.6 g, 5.32 mmol) was reduced to 3-{[(4-amino-2-

ethoxymethyl-l-(2-methylpro^^^

acid using the general method described in Example 108, part M, to give the sodium salt

as a white solid. The solid was dissolved in methanol and the pH was adjusted to 8. The

20 resulting precipitate was filtered and dried to give 800 mg of 3-{ [(4-amino-2-

ethoxymethyl- 1-(2-methylpropy^

acid as an offwhite powder.

MS (APCI) m/z 449 (M + H)
+

;

Anal. Calcd. For C25H28N4(V0.1 H20: %C, 66.68; %H, 6.31; %N, 12.44. Found: %C,

25 66.50; %H, 6.13; %N, 12.26.
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Example 110

3-{ (4-Amino-2-ethoxymethyl- 1 -(2-methylpropyl)- 177-imidazo[4,5-c]quinolin-8-

yl)oxy]methyl)}benzyl alcohol

3- { [(4-Amino-2-ethoxymethyl- 1 -(2-methylpropyl)-lH-imidazo[4 ?5-c]quinolin-8-

yl)oxy]methyl }beiizoic acid (800 mg, 1.78 mmol) was stirred in anhydrous THF under

inert conditions and lithium aluminum hydride (250 mg? 6.58 mmol) was added

portionwise. After 15 minutes, 0.25 mL ofwater was added, followed by 0.25 mL of 15%

aqueous sodium hydroxide, followed by 0.75 ml ofwater. The resulting mixture was

concentrated and purified using flash column chromatography on silica gel, eluting with a

gradient of 0-10% methanol in chloroform. Clean fractions were concentrated and

recrystallized from acetonitrile to give 360 mg of 3-{(4-amino-2-ethoxymethyl-l-(2-

methylpropyl)-l/^imidazo[4,5-c]quinolin-8-yl)oxy]methyl)}beiazyl alcohol as pink

crystals, mp 164.2-167.2 °C.

MS (APCI) m/z 435 (M + H)+ ;

Anal. Calcd. For C25H30N4O3: %C, 69.10; %H, 6.96; %N, 12.89. Found: %C, 68.89;

%H, 6.86; %N, 12.97.
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Example 111

1 -[4-Amino-7-benzyloxy»2-(2-methoxyethyl)-lfWmidazo[4?5-c]quinolin- 1 -yl]-2-

methylpropan-2-ol

7-Benzyloxy-4-chloro-3-nitroquinoline (66.4 g, 0.21 mol) was dissolved in a

mixture of dichloromethane (1 .5 L) and triethylamine (59 mL, 0.422 mol). A solution of

l-amino-2-methyl-2-propanol (22.5 g, 0.25 mol) in dichloromethane (100 mL) was added

dropwise. The reaction was stirred at ambient temperature for 3 hours and then quenched

with 1% aqueous sodium carbonate solution. A precipitate formed which was filtered to

provide 60 g ofcrude l-(7-benzyloxy-3-nitroquinolin-4-ylamino)-2~methylpropan-2-ol as

a yellow-brown solid.

MS (APCQ m/z 368 (M + H)+ .

PartB

To 1 .6 L of acetonitrile was added the 60 g ofproduct from part A. To this slurry

was then added 11 g of5% platinum on carbon catalyst and the mixture was shaken for 14

hours under 50 psi (3.4 x 10
5
Pa) ofhydrogen. The reaction mixture was then taken up in

2.5 L ofmethanol and filtered through CELITE filter agent, which was washed with 1 L of

hot methanol. The combined filtrates were concentrated under reduced pressure to yield

53.6 g of l-(3-amino-7-benzyloxyquinolin-4-ylamino)-2-methylpropan-2-ol as a brown

solid.

PartC

l-(3-Amino-7-benzyloxyquinolin-4-ylamino)-2-methyl-propan-2-ol (25 g?

74.09 mmol) was added to 500 mL ofpyridine. To this mixture was added in a dropwise

manner a solution ofmethoxypropionyl chloride (10 g, 81.5 mmol) dissolved in 20 mL of

toluene. After approximately half of the acid chloride had been added, the reaction

mixture became completely homogenous. Two hours after the addition of the acid

Part A
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chloride, the reaction mixture was heated to reflux and maintained overnight. The solvent

was concentrated through the use of a Dean-Stark trap. Cooling to ambient temperature

provided a white precipitate, which was collected by filtration. The solid was slurried in

1 L of 1% hot aqueous sodium carbonate (75-80 °C) for 1 hour. The mixture was then

5 cooled in an ice bath and the solid material was filtered, rinsed with water, and dried to

yield 22.7 g of l-[7-benzyloxy-2-(2-methoxyethyl)-l//'-imidazo[4,5-c]quinolin-l-yl]-2-

methylpropan-2-ol as a white solid, mp 170-171.5 °C.

Anal. Calcd. For C24H27N3O3: %C, 71.09; %H, 6.71; %N, 10.36. Found: %C, 70.99;

%H, 6.70; %N, 10.39.

10 PartD

3-Chloroperoxybenzoic acid (mCPBA, 60% pure, 1 1.7 g, 40.7 mmol) was added

portionwise to a solution of l-[7-benzyloxy-2-(2-methoxyethyl)-l//-imidazo[4
?
5-

c]quinolin-l-yl]-2-methylpropan-2-ol (15 g, 37.0 mmol) in dichloromethane (300 mL).

The mixture was stirred overnight at ambient temperature. A small amount ofthe starting

1 5 material remained and 2 g ofmCPBA was added. The reaction was stirred for 45 minutes

followed by the addition of 150 mL of aqueous ammonium hydroxide. /?-Toluenesulfonic

acid (8.5 g, 44.4 mmol) was added portionwise over 15 minutes and the reaction was

stirred for 1 hour. The layers were separated and the organic fraction was washed with

two 100 mL portions of 1% aqueous sodium carbonate solution. The organic fraction was

20 dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to

yield 18 g of a brown solid. A small portion of the solid (1 g) was recrystallized from

acetonitrile to provide 0.6 g of 1-[4-amino-7-benzyloxy-2-(2-methoxyethyl)-1H-

imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol as an offwhite solid, mp 185-186.5 °C.

Anal. Calcd. for C24H28N4O3: %C, 68.55; %H, 6.71; %N, 13.32. Found: %C, 68.49; %H,

25 6.82; %N, 13.35.
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Example 112

4-Amino- 1 -(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-

l#-imidazo[4,5-c]quinolin-7-ol

5 The general method described in Example 5 was used to convert l-[4-amino-7-

benzyloxy-2-(2-methoxyetl^

(14.0 g) to 7 g of 4-amino-l-(2-hydroxy-2-metliylpropyl)-2-(2-methoxyethyl)-liy--

imidazo[4,5-c]quinolin-7-ol as an off-white solid. A small portion of the solid was

recrystallized from methanol to provide an analytical sample, mp 258.0-260.0 °C.

10 Anal. Calcd. for Ciy^Ws-CHsOH: %C, 59.65; %H, 7.23; %N, 15.46. Found: %C,

59.39; %H, 7.37; %N, 15.67.

Example 113

l~[4~Amino-2-(2-methoxyethyl)-7-^

1 5 2-methylpropan-2-ol

N02

Potassium carbonate (2.1 g, 15.0 mmol) was added to a solution of 4-amino-l-(2-

hydroxy-2-methylpropyl)-2-(2-methoxyethyl)- li7-imidazo[4,5-c]quinolin-7~ol (2.5 g,

7.5 mmol) in DMF (50 niL). After stirring for 15 minutes, 3-nitrobenzyl bromide (1.7 g?

20 8.3 mmol) was added. The reaction was stirred at ambient temperature overnight and then

poured into 600 mL ofwater. A light yellow precipitate formed. An additional 20 g of

potassium carbonate was added and the mixture was stirred for 30 minutes. The

precipitate was filtered, taken up in 700 mL ofmethanol, and concentrated under reduced
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pressure to yield 3.3 g of a yellow solid. The solid was recrystallized from methanol to

give 175 mg of l-[4-ammo-2-(2-me1ftoxye

c]quinolin-l-yl]-2-methylpropan-2-ol as yellow needles, mp 125.0-127.0 °C.

MS (APCI) m/z 466 (M + H)
+

;

Anal. Calcd. for QwHfeyNsCV CH3OH: %C, 60.35; %H, 6.28; %N? 14.08. Found: %C ?

60.08; %H, 6.17; %N, 14.10.

Example 114

1-[4-Amino-7-(3-aminober^

2-methylpropan-2-ol

NH
2

l-[4-Amino-2-(2-methoxyethyl)-7^

l-yl]-2-methylpropan-2-ol (3.1 g, 6.66 mmol) was mixed with 100 mL ofwarm ethanol

and 1 g of5% platinum on carbon. The mixture was shaken under hydrogen pressure (50

psi, 3.4 x 10
5
pa) for 5 hours. The material had come out of solution so an additional

100 mL ofmethanol and 0.5 g platinum catalyst were added. After shaking under

hydrogen pressure overnight, the mixture was filtered through CELITE filter agent. The

filter cake was washed with 3 x 75 mL portions ofhot methanol and the filtrates were

combined and concentrated under reduced pressure. An orange foam resulted which was

purified by column chromatography using silica gel. The polar component ofthe eluent

was chloroform:methanol:2% aqueous ammonium hydroxide 80:18:2 (CMA), and elution

was carried out with CMA:chloroform in a gradient from 0:100 to 40:60. Fractions

containing product were combined and concentrated to yield 1 .55 g of l-[4-amino-7-(3-

aminobenzyloxy)-2-(2-methoxyethylH

ol as an off-white solid. A small portion was recrystallized from acetonitrile to provide an

analytical sample, mp 203.0-206.0 °C.
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MS (APCI) tn/z 436 (M + H)
+

;

Anal. Calcd. for C24H29N503 : %C, 66.19; %H, 6.71; %N, 16.08. Found: %C, 65.84; %H,

6.94; %N, 16.00.

Example 115

l-[4-Amino-2-(2-methoxyethyl)-7-(pyridin-3-ylmethoxy)-

li7-imidazo[4,5-c]quinolin- 1 -yl]-2-methylpropan-2-ol

4-Ammo-l-(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-l/f-imidazo[4,5-

c]quinolin-7-ol, (2.5 g, 7.5 mmol) was slurried in 75 mL ofTHF to which 3-

pyridylcarbinol (350 mg, 3.18 mmol) and triphenylphosphine (1.59 g, 6.06 mmol) were

added. To this was added 1.2 g (5.93 mmol) of diisopropyl azodicarboxylate (DIAD) and

the reaction mixture was stirred for 45 minutes. Approximately 3 additional equivalents of

each reagent were added to complete the reaction. The reaction mixture was then

concentrated and partitioned between chloroform and aqueous sodium carbonate. The

organic fraction was dried and passed through an ion exchange resin with methanol,

followed by 1M ammonia in methanol as the eluents. The solvent was concentrated and

the residue was purified by flash column chromatography on silica gel using a gradient of

0-40% CMA in chloroform. The desired fractions were concentrated to produce an oil

which was taken up in 20 mL ofrefluxing acetonitrile. Upon cooling, white crystals

formed which were filtered and dried to provide 0.55 g of l-[4-amino-2-(2-methoxyethyl)-

7-(pyridin-3-yhnethoxy)-lH-imidazo[4,5-c]qumolin-l-yl]-2-methylpropan-2-ol,mp20

202.0 °C.

MS (APCI) m/z 422 (M + H)
+

;

Anal. Calcd. for C23H27N5CVI.33 H20: %C, 62.02; %H, 6.71; %N, 15.72. Found: %C,

61.84; %H, 6.25; %N, 15.72.
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Example 116

7-(Furan-3-ylmethoxy

amine

Part A

7-Benzyloxy~2-methyl-l-(2-methylpro^ (16.11 g,

46.6 mmol), 10% palladium on carbon (4.96 g), and ethanol (380 mL) were combined.

The mixture was shaken overnight under 50 psi (3.4 x 10
5
Pa) ofhydrogen and then

filtered. The solids were washed with ethyl acetate, and the filtrate was concentrated.

Diethyl ether was added to the residue and a green solid formed. The solid was

recrystallized from acetonitrile to give 6.63 g of 2-methyl-l-(2-methylpropyl)-l Jf/«

imidazo[4
95-c]quinolin-7~ol as a beige solid.

Anal. Calcd. for C15H17N3O: %C, 70.56; %H, 6.71; %N, 16.46. Found: %C, 70.33; %H,

6.66; %N, 16.35.

PartB

2-Methyl-l-(2-methylpropy^ (300 mg, 1.17

mmol), triphenylphosphine (921 mg5 3.51 mmol), and 3-furanmethanol ( 173 mg, 1.76

mmol) were slurried in 20 mL ofanhydrous THF. After 5 minutes diisopropyl

azodicarboxylate (710 mg, 3.51 mmol) was added dropwise to the mixture. The resulting

homogeneous solution was stirred six days. Analysis of the reaction byHPLC indicated

that mostly starting material was present. Additional portions oftriphenylphosphine (150

mg), 3-furanmethanol (0.5 mL) were added followed by diisopropyl azodicarboxylate (1

mL). Analysis of the reaction after 1 hour indicated that all of the 2-methyl- 1-(2-

methylpropyl)-l JfiT-imidazo-[4
?5-c]quinolin-7-ol was consumed. The reaction was filtered

through an acidic ion-exchange resin with methanol followed by 1M ammonia in

methanol. The filtrate was concentrated to give 500 mg of 7-(furan-3-ylmethoxy)-2-

methyH-(2-methylpropyl)-li7-imidazo[4
95-c]quinoline as a dark orange oil.
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PartC

7-(Furm-3-ylme^

(500 mg) was dissolved in 30 mL of dichloromethane and 3-chloroperoxybenzoic acid

(60% pure, 403 mg) was added. The reaction was stirred for 30 minutes at ambient

temperature and then 30 mL of aqueous ammonium hydroxide was added. After 10

minutes, /?-toluenesulfonyl chloride (268 mg, 1.40 mmol) was added and the reaction was

stirred for an additional 15 minutes. The layers were separated and the aqueous fraction

was washed with two portions of dichloromethane (20 mL). The organic fractions were

combined and washed three times with 20 mL portions of aqueous sodium carbonate. The

combined sodium carbonate fractions were extracted with four portions of chloroform (20

mL). All of the organic fractions were combined, dried over magnesium sulfate, and

concentrated to yield an orange foam. The crude product was purified using flash column

chromatography on silica gel, eluting with a gradient ofmethanol in chloroform. The

clean fractions were combined, concentrated, and the resulting solid was recrystallized

from acetonitrile to give 102 mg of7-(furan-3-ylmethoxy)-2-methyH-(2-methylpropyl)-

l#-imidazo[4,5-c]quinolin-4-amine as a white powder, mp 181.0-183.0.

MS (APCI) m/z 351 (M + H)
+

;

Anal. Calcd. for C2oH22N4(V0.6 CH3CN: %C, 67.89; %H, 6.40; %N, 17.18.

Found: %C, 67.72; %H, 6.67; %N, 16.95.

Example 117

3-{[(4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-

l/^imidazo[4,5-c]quinoliii-7-yl)oxy]methyl}benzonitrile

4-Amino-l-(24iydro^

c]quinolin-7-ol, (3.5 g, 10.6 mmol); potassium carbonate (2.9 g, 21.2 mmol) and DMF
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(100 mL) were combined. After 10 minutes, a-bromo-m-tolunitrile (2.25 g, 1 1.6 mmol)

was added and the reaction was stirred overnight. The mixture was poured into 1 .5 L of

water and a white precipitate formed. The water was decanted and the residue was

dissolved in 350 mL ofchloroform. The solution was washed with two portions ofwater

(100 mL). The organic fraction was dried and concentrated to give 4.8 g of a pale yellow

foam. Purification by flash column chromatography on silica gel (eluting with a gradient

of0-20% CMA in chloroform) followed by recrystallization from acetonitrile provided

550mgof3-{[(4-amino-l-(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-l//'-

imidazo[4,5-c]quinolin-7-yl)oxy]methyl}benzonitrile as pale yellow crystals, mp 195.7-

197.2 °C.

MS (APCI) m/z 446 (M + H)+;

Anal. Calcd. for C25H27N5O3: %C, 67.40; %H, 6.11; %N, 15.72. Found: %C, 67.26; %H,

6.36; %N, 15.86.

Example 118

A^-{3-[(4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-

lH-imidazo[4,5-c]quinoline-7-yloxy)methyl]phenyl}methanesulfonamide.

l-[4-Amino-7-(3-aminobenzyloxy)-2-(2-methoxyethyl)-m-imidazo[4,5-

c]quinolin-l-yl]-2-methylpropan-2-ol, (850 mg, 1.95 mmol) and triethyl amine (600 mg,

5.85 mmol ) were dissolved in 100 mL of 1:1 acetonitrile:dichloromethane. The solution

was cooled in an ice bath and methanesulfonic anhydride (375 mg, 2.15 mmol) was added

in small portions. After 4 hours, a second molar equivalent ofmethanesulfonic anhydride

was added and the reaction was stirred overnight. The solvent was removed under reduced

pressure. The resulting brown oil was taken up in dichloromethane and washed with 1%
aqueous sodium carbonate, dried, and concentrated under reduced pressure. The resulting
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solid was purified by flash column chromatography on silica gel (eluting with a gradient of

0-20% CMA in chloroform) followed by recrystallization from acetonitrile to provide

439 mg ofAf-{3-[(4-amino-l-(2-hydro^

imidazo[4
55-c]quinoline-7-yloxy)methyl]phenyl}methanesulfonamide as white crystals.

MS (APCI) m/z 514 (M + H)
+

;

Anal. Calcd. for C25H3iN5O5S*0.55 H20: %C, 56.67; %H, 6.24; %N, 13.22. Found: %C,

56.93; %H, 6.35; %N, 13.23.

Examples 119-121

PartA
(4-Ammo-7-benzyloxy-2-ethoxym

methylpropan-2-ol was debenzylated using the general method ofExample 5. Upon

completion ofthe reaction, the catalyst was removed by filtration through a

polytetrafluoroethylene (PTFE) membrane and the filtrate was concentrated under reduced

pressure to give a tan solid. The solid was slurried in 1% aqueous sodium carbonate. This

formed a gooey slurry. The pH was lowered to 1 with the addition of concentrated

hydrochloric acid. When a homogenous solution was formed, the pH was adjusted back to

5 with the addition of 1% aqueous sodium carbonate. A solid precipitated and was

collected by filtration. The solid was dried under a stream of air to give 4-amino-2-

etiioxymethyl-1^ as an off-

white solid.

MS (APCI) m/z 331 (M + H)
+

.

PartB

The general method described for Examples 7-20 was followed, substituting the

benzylhalides in the general procedure with those from the table below. For each example,

the purification and characterization ofthe product is described below the table.
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Example Halide R

119 benzyl 2-bromoethyl ether

120 1-(3-bromopropyl) pyrrole

121 1-bromomethyl-2-[phenyl-

sulfonyl)methyl]benzene

PhS02-^

&
Example 119

1 - [4-Amino-7-(2-benzyloxyethoxy)-2-ethoxymethyl-l#-imidazo[4,5-c]quinolin- 1 -yl]-2-

methylpropan-2-ol

5 Upon precipitating the product from water, the water/DMF solution was decanted

and the residue was dissolved in chloroform and dried over magnesium sulfate. The

solution was filtered and eluted through a silica gel chromatography column using a

gradient of0-10% methanol in chloroform. Clean fractions were concentrated and the

solid material was slurried in ice-cold acetonitrile. The precipitate was recovered by

10 filtration to give l-[4-amino-7-(2-benzyloxyethoxy)-2~ethox\onethyl-li7--imidazo[4?
5-

c]quinolin-l-yl]-2-methylpropan-2-ol as a white solid, mp 131.0-132.0 °C.

MS (APCI) m/z 465 (M + H)+;

Anal. Calcd. for C26H32N4O4: %C, 67.22; %H, 6.94; %N, 12.06. Found: %C, 67.13; %H,

7.03; %N, 12.07.

15
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Example 120

l-{4-Amino-2-ethoxymethyl-7-[3-(pyiTO

2-methylpropan-2-ol

Upon precipitating the product from water, the water/DMF solution was decanted

and the residue was dissolved in chloroform and dried over sodium sulfate. The solution

was filtered and eluted through a silica gel chromatography column using a 0-10%

chloroformrmethanol gradient. Clean fractions were concentrated and the solid material

was recrystallized from acetonitrile to provide l-{4-[amino-2-ethoxymethyl-7-[3-(pyrrol-

l-yl)propoxy]-liy-imidazo[4,5-c]quinolin-l-yl}-2-methylpropan-2-ol as pale yellow

crystals, mp 182.5-183.5 °C.

MS (APCI) m/z 438 (M + H)+
;

Anal. Calcd. for C24H31N5O3: %C 5 65.88; %H, 7.14; %N, 16.01. Found: %C, 65.68;

%H, 7.39; %N, 16.07.

Example 121

l-{4-Amino-7-[2-(benzenesulfonylmethyl)henzyloxy]-2-ethoxymethyl-

lAT-imidazo[4,5-c]quinolin-l-yl}-2-methylpropan-2-ol

Upon precipitating the product from water, the water/DMF solution was filtered

and the residue was dissolved in chloroform and dried over sodium sulfate. The solution

was filtered and eluted through a silica gel chromatography column using a

chloroformrmethanol gradient. Clean fractions were concentrated and the yellow oil was

dissolved in isopropanol and concentrated to give l-{4-amino-7-[2-

(benzenesulfonylmethyl)benzy^

methylpropan-2-ol as a yellow foam.

MS (APCI) m/z 575 (M + H)+
;

Anal. Calcd. for C3iH34N4O5S*0.75 C3H7OH*0.33 H20: %C, 63.83; %H, 6.55; %N, 8.95.

Found: %C, 63.45; %H, 6.49; %N, 8.80.
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Example 122

l-{4-Ammo-2-ethoxymethyl-7-[3-(pyridin^^

yl} -2-methylpropan-2-ol

Part A

4-Amino-2-ethoxymethyl- 1 -(2-hydroxy-2-methylpropyl)- l.ff-imidazo[4,S-

c]quinolin-7-ol (2.35. g, 7.1 mmol), cesium carbonate (4.6 g, 14.2 mmol), and DMF (50

mL) were combined. Propargyl bromide (80% in toluene, 3.2 g, 21.3 mmmol) was added

and the reaction was stirred overnight. The reaction was poured into 500 mL ofwater and

solid potassium carbonate was added to keep the mixture basic. A precipitate formed.

Filtration ofthe reaction followed by air drying ofthe recovered solid provided 1.8 g of 1-

[4-amino-2-ethoxymethyl-7-(prop-2-vnyloxy)-l^-imidazo[4
55-c]quinolin-l-yl]-2-

methylpropan-2-ol as an offwhite powder.

PartB

144-Amino-2-ethoxymemyl-7-(prop-2-ynyloxy)-li74midazo[4,5-c]quinolin-l-yl]-

2-methylpropan-2-ol (1.50 g, 4.07 mmol), 3-iodopyridine (920 mg, 4.48 mmol), 1.5 mL of

anhydrous triethylamine, PdCl2(PPh3)2 (57 mg, 0.08 mmol), copper (I) iodide (30 mg, 0.16

mmol), and DMF (50 mL) were combined. The reaction mixture was heated to 60 °C for 5

days. Additional amounts of catalyst, copper iodide, and iodopyridine were added during

the course ofthe reaction. The reaction was poured into a solution ofwater (500 mL) and

saturated aqueous potassium carbonate (50 mL). The reaction was stirred overnight and

the resulting precipitate was recovered by filtration. The solid was dissolved in

dichloromethane, dried over magnesium sulfate, filtered and purified using flash column

chromatography on silica gel (eluting with a gradient of0-7% methanol in

dichloromethane) to yield 800 mg of l-{4-amino-2-ethoxymethyl-7-[3-(pyridin-3-yl)prop-

2-ynloxy]-liy-imidazo[4,5-c]quinolin-l-yl}-2-methylpropan-2-ol as an orange-brown

semi-solid.
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MS (APCI) m/z 446 (M + H)
+

.

PartC

l-{4-Amino-2-ethoxymethyl-7-[3-(p^

c]quinolin-l-yl}-2-methylpropan-2-ol (800 mg, 1.79 mmol) was dissolved in warm
ethanol. To this was added 200 mg of 10% palladium on carbon and the mixture was

shaken under 50 psi (3.4 x 10
5
Pa) ofhydrogen. After 24 hours, an additional 200 mg of

palladium catalyst was added and the reaction was shaken for a further 24 hours under 50

psi ofhydrogen. The catalyst was removed by filtration and the filtrate was concentrated

under reduced pressure to give a solid. This material was purified using flash column

chromatography on silica, eluting with a gradient of0-10% methanol in dichloromethane.

The clean fractions were combined and concentrated. The resulting solid was

recrystallized from acetonitrile to provide 160 mg of l-{4-amino-2-ethoxymethyl-7-[3-

(pyridin-3-yl)propoxy]-l JftT-imidazo[4,5-c]quinoUn-l-yl}-2-methylpropan-2-ol as offwhite

crystals, mp 160.0- 1 6 1 .0 °C.

MS (APCI) m/z 450 (M + H)
+

;

Anal. Calcd. for C25H31N5O3: %C, 66.79; %H, 6.95; %N, 15.58. Found: %C, 66.79; %H,
6.81; %N, 15.76.

Example 123

l-{4-Amino-7-[3-(3-aminophenyl)propoxy]-2-ethoxymethyl-

li7-imidazo[4,5-c]quinolin-l-yl}-2-methylpropan-2-ol

Part A

1 -[4-Amino-2-ethoxymethyl-7-(prop-2-ynyloxy)-li^-imidazo[4,5-c]quinolin- 1 -yl]-

2-methylpropan-2-ol (0.5 g, 1.35 mmol), l-iodo-3-nitropyridine (565 mg, 2.27mmol), 0.28

mL of anhydrous triethylamine, PdCl2(PPh3)2 (21 mg, 0.03 mmol), copper (I) iodide (12

mg, 0.066 mmol), andDMF (15 mL) were combined. The reaction mixture was heated at
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75 ° C for 4 hours. The reaction was poured into 250 mL of saturated aqueous NaCl and

stirred for 24 hours. The resulting brown precipitate was dissolved in dichloromethane

and filtered through a plug of silica gel using 20% methanol in dichloromethane as the

eluent. The filtrate was concentrated under reduced pressure to provide l-{4-amino-2-

ethoxymethyl-7-[3-(3-nitro^^

methylpropan-2-ol as a solid.

PartB

The product from Part A was combined with ethanol (100 mL), methanol (100 mL)

and 200 mg of 10% palladium on carbon. The mixture was shaken under 50 psi (3.4 x 10
5

Pa) ofhydrogen overnight. Additional palladium catalyst was added and the reaction was

shaken for an additional 6 hours under 35 psi (2.4 x 10
5
Pa) ofhydrogen. The catalyst was

removed by filtration and the filtrate was concentrated under reduced pressure to give a

solid. This material was purified using flash column chromatography on silica gel, eluting

with a gradient of 0-8% methanol in dichloromethane. The clean fractions were combined

and concentrated. The recovered solid was again purified by flash column

chromatography on silica gel eluting with CMA:dichloromethane. A final

recrystallization from acetonitrile provided 141 mg of l-{4-amino-7-[3-(3-

aminophenyl)propoxy

2-ol as an offwhite solid, mp 164.0-166.0 °C.

MS (APCI) m/z 464 (M + H)+
;

Anal. Calcd. for C26H33N5(VH20: %C 5 66.85; %H, 7.32; %N, 14.54. Found: %C, 64.74;

%H, 7.67; %N, 14.71.

Examples 124-130

The general method described for Examples 7-20 was followed, substituting N-[2-

(4-amino-2-ethoxymethyl-7-hydro^

dimethylethyl]methanesulfonamide for 4-amino- 1 -(2-methylpropyl)-2-propyl-IH-

imidazo[4,5-c]quinolin-7-ol. The halides used are presented in the table below. For each

example, the purification and characterization of the product is described below the table.
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NH2

Example Halide R

124 3-methoxybenzyl bromide

CH
30

1

125 2-chlorobenzyl bromide

c

CI

126 4-fluorobenzyl bromide D
127 3-methylbenzyl bromide

128 2 -(bromomethyl)- 1 ,2-

benzothiazole C
129 2-(bromomethyl)~5-

(trifluoromethyl)furan

130 5-chloromethyl-2-

furancarboxylic acid ethyl

ester

O

Example 124

^-{2-[4-Amino-2-ethoxytnethyl-7-(3-methoxy^

yl]-l , 1 -dimethylethyl}methanesulfonamide

5 Upon precipitation ofthe product from water, 20 g of solid sodium carbonate was

added to the precipitate/water mixture followed by stirring for 30 minutes. The precipitate

was recovered by filtration and the solid was purified by flash column chromatography on

silica gel eluting with a gradient of 1-5% methanol in dichloromethane. Clean fractions
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were concentrated and the product was recrystallized from acetonitrile to provide 550 mg

of {2-[4-amino-2-etto^

yl]-l ?
l-dimethylethyl}methanesulfonamide as a white solid, mp 221.0-222.0 °C.

MS (APCI) m/z 528 (M + H)
+

;

5 Anal. Calcd. for C26H33N5O5S: %C, 59.19; %H, 6.30; %N, 13.27. Found: %C, 59.00;

%H, 6.44; %N, 13.22.

Example 125

JV- {2-[4-Amino-7-(2-chlorobenzyloxy)-2-ethoxymethyl- l//-imida^o[4 ?5-c]quinolin-l--yl]--

10 1 > 1 -dimethylethyl}methanesulfonamide

Upon precipitation of the product from water, 20 g of solid sodium carbonate was

added to the precipitate/water mixture followed by stirring for 30 minutes. The precipitate

was recovered by filtration and the solid was purified by flash column chromatography on

silica gel eluting with a gradient of 1-5% methanol in dichloromethane. Clean fractions

1 5 were concentrated and the product was slurried in hot methanol and then refluxed for

several hours. The solution was concentrated to a smaller volume ofmethanol and

allowed to cool, upon which a solid precipitated. The solid was filtered and dried to give

325 mg ofiV-{2-[4-amino-7-(2-chlorobeixzyloxy)-2-ethoxymethyl-l//-imidazo[4 5
5-

c]quinolin-l-yl]-l ?
l-dimethylethyl}methanesulfonamide as a white solid, mp 253.0-255.0

20 °C.

MS (APCI) m/z 533 (M + H)
+

;

Anal. Calcd. for C25H30CIN5O4S: %C, 56.44; %H, 5.68; %N, 13.16. Found: %C, 56.20;

%H, 5.29; %N, 12.89.

25 Example 126

N-{2~[4-Amino-2-ethoxym

1 , 1-dimethylethyl}methanesulfonamide

Upon precipitation of the product from water, 20 g of solid sodium carbonate was

added to the precipitate/water mixture followed by stirring for 30 minutes. The precipitate

30 was filtered and the product was purified by column chromatography on silica gel, eluting

with a gradient of 1-5% methanol in dichloromethane. Clean fractions were concentrated

-194-



WO 2005/020999 PCT/US2004/028021

and the product was slurried in hot acetonitrile. The solid was filtered and dried to give

325 mg of/V-{2-[4-amino-2-ethoxyme&^

c]quinolin-l-yl]-14-dimethylethyl}methanesulfonamide as a white solid, mp 251.0-253.0

°C.

5 MS (APCI) m/z 516 (M + H)
+

;

Anal. Calcd. for C25H30FN5O4S: %C, 58.24; %H? 5.86; %N, 13.58. Found: %C, 57.94;

%H, 6.21; %N, 13.34.

Example 127

10 N- {2-[4-Amino-2-ethoxymethyl-7-(3-methylbenzyloxy)-1/f-imidazo[4,5-c]quinolin- 1 -yl] -

1 , 1 -dimethylethyl}methanesulfonamide

Upon precipitation of the product from water, 20 g of solid sodium carbonate was

added to the precipitate/water mixture followed by stirring for 30 minutes. The precipitate

was recovered by filtration and the solid was purified by flash column chromatography on

15 silica gel, eluting with a gradient ofmethanohdichloromethane increasing from 1-5%.

Clean fractions were concentrated and the product was slurried in hot acetonitrile. The

solid was filtered and dried to give 600 mg ofN~ {2-[4-amino-2-ethox>rmethyl-7-(3-

methylbenzyloxy)- l#-imidazo[4,5-c]quinolin-l -yl]-l , 1 -

dimethylethyl}methanesulfonamide as a white solid, mp 252.0-254.0 °C.

20 MS (APCI) m/z 5 12 (M + H)
+

;

Anal. Calcd. for C26H33N5O4S: %C, 61.04; %H, 6.50; %N5 13.69. Found: %C, 60.85;

%H, 6.66; %N, 13.54.

Example 128

25 N- {2-[4-Amino-7-(benzthiazol-2-ylmethoxy)-2-ethoxymethyl- ljfiT-imidazo[4,5-c]quinolin-

1 -yl]-l , 1 -dimethylethyl}methanesulfonamide

The precipitate was purified by flash column chromatography on silica gel eluting

with a gradient of 1-5% methanol in dichloromethane. Clean fractions were concentrated

and the solid was recrystallized from acetonitrile to give 300 mg of7V-{2-[4-amino-7-

30 (benzthiazol-2-ylmethoxy)-2-ethox>raethyl-- li/'-imidazo[4,5-c?]quinolin- 1 -yl]-l , 1 -

dimethylethyl}methanesulfonamide as a white solid, mp 258.0-259.0 °C.
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MS (APCI) m/z 555 (M + H)
+

;

Anal. Calcd. for C26H30N6O4S2: %C, 56.30; %H, 5.45; %N, 15.15. Found: %C, 56.03;

%H, 5.78; %N, 14.99.

}

5 Example 129

TV"- {2-[4-Amino-2-etho

c]quinolin- 1 -yl]-1,1-dimethylethyl}methanesulfonamide

The precipitate was purified by flash column chromatography on silica gel eluting

with a gradient of 1-5% methanol in dichloromethane. Clean fractions were concentrated

10 and the solid was recrystallized from acetonitrile to give 200 mg ofA7- {2-[4-amino-2-

ethoxymethyl-7-(5-trifluorom

1 , 1-dimethyl-ethyl}methanesulfonamide as a white solid, mp 186.0-188.0 °C.

MS (APCI) m/z 556 (M + H)+ ;

Anal. Calcd. for C24H28F3N5O5S: %C, 51.89; %H, 5.08; %N, 12.61. Found: %C, 51.95;

15 %H,4.89;%N, 12.53.

Example 130

Ethyl 5-[4-Amino-2-ethoxymethyl- 1-(2-methanesulfonylamino-2-methylpropyl)-li?-

imidazo[4?
5~c]quinolin-7-yloxymethyl]furan-2-carboxylate

20 The precipitate was purified by flash column chromatography on silica gel eluting

with a gradient of 1-5% methanol in dichloromethane. Clean fractions were concentrated

and slurried in ice cold acetonitrile. The solid was filtered and dried to give 125 mg of

ethyl 5-[4-amino-2-ethoxymethyl- 1 -(2-methanesulfonylamino-2-methylpropyl)- 1/7-

iniidazo[43
5-c]quinolin-7-yloxyniethyl]furan-2-carboxylate as a white powder, mp 122.0-

25 123.0 °C.

MS (APCI) m/z 560 (M + H)
+

;

Anal. Calcd. for C26H33N5O7S: %C 5 54.48; %H, 6.07; %N, 12.22. Found: %C, 54.54;

%H, 5.93; %N, 12.38.
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Example 131

1-(2-Methylpropyl)-2-m^

c]quinolin~4-amine

5 Part A
6-Benzyloxy-N

4-(2-methylpropyl)quinoline-3 94-diamine was dissolved in 200 mL

of dichloromethane and methoxyacetyl chloride (1.85 g, 17.1 mmol), diluted in 10 mL of

dichloromethane, was added dropwise. After 1 hour, the solvent was removed and the

resulting solid was dissolved in 250 mL of 3: 1 methanohwater. Aqueous potassium

10 carbonate (6M) was added and the reaction was heated at reflux temperature for 3 hours.

The solvent was removed and the residue was partitioned between 200 mL of

dichloromethane and 100 mL of water. The aqueous fraction was isolated and extracted

three times with dichloromethane. The combined organic fractions were dried, filtered,

and concentrated under reduced pressure. The resulting material was purified by flash

1 5 column chromatography on silica gel eluting with a gradient of0-4% methanol in

dichloromethane. The clean fractions were combined and concentrated to give 4.2 g of 8-

benzyloxy-l-(2~methylpropyl)-2^ as a light

brown solid.

PartB

20 3-Chloroperoxybenzoic acid (60% pure, 3.5 g, 12.3 mmol) was added portionwise

to a solution of 8-beiizyloxy-l-(2-methylpropyl)-2-methoxymethyl-l//-imidazo[4 ?
5-

c]quinoline (4.2 g, 1 1.19 mmol) in 200 mL of dichloromethane. The reaction was stirred

at ambient temperature for 2 hours, and then 100 mL of2% aqueous sodium carbonate was

added. The aqueous layer was extracted with two 100 mL portions of dichloromethane

25 and the organic fractions were combined, dried, and concentrated to give 4.3 g of crude 8-

benzyloxy-l-(2~methylpropyl)-2-m as a

light brown solid.
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MS (APCI) m/z 392 (M + H)
+

.

PartC

Phosphorous oxychloride (1.78 g, 1 1.6 mmol) was added dropwise to a solution of

8-benzyloxy- 1-(2-methylpropyl)-2-methoxymethyl-5-oxido- li7-imidazo[4,5-c]quinoline in

5 10 mL ofDMF. After 1 hour, the reaction was poured onto 700 mL of ice and stirred

overnight. Solid potassium carbonate was then added until the pH of the reached 10.

After 30 minutes of stirring, the mixture was filtered. The resulting solid was washed with

water and dried under a stream of air to give 3.75 g of 8-benzyloxy-4-chloro-l-(2-

methylpropyl)-2-methoxymethyl-li?-imidazo[4?5-c]quinoline as a yellow-tan solid.

10 MS (APCI) m/z 410 (M + H)
+

.

PartD

8-Benzyloxy-4-chloro-l-(2-methylpropyl)-2-methoxymethyl-liy-imidazo[4 ?
5-

c]quinoline (2.73 g, 6.65 mmol) was stirred for 1 hour in 25 mL of30% hydrogen bromide

in acetic acid at 65 °C. The reaction was cooled in an ice bath and aqueous NaOH (50%)

15 was added to adjust the pH to 7. The precipitate was recovered by filtration and air dried

to provide 2.75 g of 4-bromo-1 -(2-methylpropyl)-2-methoxymethyl- 1i/-imidazo[4?
5

-

c]quinolin-8-ol as a brown solid.

PartE

A slurry of4-bromo- 1 -(2-methylpropyl)-2-methoxymethyl- li/-imidazo[4,5-

20 c]quinolin-8-ol (600 mg, 1 .64 mmol) in 15 mL of7N methanolic ammonia was heated to

120 °C for 9 hours in a Parr bomb apparatus. After additional heating to 150 °C for 36

hours, the reaction was cooled and concentrated to dryness. The crude 4-amino-l-(2-

methypropyl)-2-methoxyniethyl-l//-imidazo[4,5-c]quinolin-8-ol was dissolved in 10 mL

ofDMF and cesium carbonate (800 mg, 2.64 mmol) was added. After 10 minutes,

25 propargyl bromide (80% in toluene, 268 mg, 1.80 mmol) was added and the reaction was

stirred overnight. The reaction was then poured into 250 mL ofwater and solid potassium

carbonate was added to keep the mixture basic. A precipitate formed which was filtered

and dried under a flow of air to give 450 mg of l-(2-methylpropyl)-2-methoxymethyl»8-

(prop-2-ynloxy)-li7-imidazo[4?5-c]quinolin-4-amine,

30 MS (ESI) m/z 339 (M + H)
+

.

-198-



WO 2005/020999 PCT/US2004/028021

PartF

A mixture of 1-(2-methylpropyl)^

imidazo^^-cjquinolin^-amine (300 mg, 0.88 mmol), 3-iodopyridine (200 mg, 0.98

mmol), anhydrous triethylamine (0.3 mL, 2.22 mmol), Pd Cl2(PPh3)2 (12 mg, 0.01 ramol),

5 and copper (I) iodide (6 mg? 0.03 mmol) in 10 mL ofDMF was heated to 60 °C. After 4

hours, the reaction was cooled to ambient temperature and stirred overnight. The reaction

mixture was poured into 200 mL ofwater and 30 mL of saturated potassium carbonate and

stirred overnight. The resulting black precipitate was filtered and and purified by flash

column chromatography on silica gel, eluting with a gradient of 0-7% methanol in

10 dichloromethane. The clean fractions were combined and concentrated to give 160 mg of

l<2-methylpropyl)-2-meta

c]quinolin-4-amine as a glass-like solid.

MS (ESI) m/z 416 (M + H)
+

.

Part G

15 1 -(2-Methylpropyl)-2-methoxymethyl-8-[(3-pyridin-3-yl)prop-2

imidazo[4,5-c]quinohn-4-amine (150 mg, 0.36 mmol) was dissolved in a minimal amount

of 1 : 1 ethanohmethanol and 200 mg of 10% palladium on carbon was added. The mixture

was shaken for 2 days under 50 psi (3.4 x 10
5
Pa) ofhydrogen. The reaction was filtered

and concentrated to dryness. The solid material was purified by flash column

20 chromatography on silica gel eluting with a gradient of 0-30% CMA in chloroform. The

clean fractions were combined, concentrated, and recrystallized from acetonitrile to give

25 mg of l-(2-methylpropyl)-2-methoxyme

imidazo[4,5-c]quinolin-4-amine as off-white crystals, mp 158.0-159.0.

MS (APCI) m/z 420 (M + H)
+

;

25 Anal. Calcd. for C24H29N502 : %C, 68.71; %H, 6.97; %N5
16.69. Found: %C, 68.48; %H,

7.12; %N, 16.62.
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Example 132

l-[4-Amino-2-ethoxymethyl-7-[3-(pyrazin~2-yl)propoxy]~

lH-imidazo[4 ?
5-c]quinolin-l-yl]-2-methylpropaxi-2-ol

5 Part A

1-(4-Amino-2-ethoxymethyl-7-(prop^

2-methylpropan-2-ol (800 nig, 2.17 nimol) was combined in 40 mL ofDMF with

iodopyrazine (492 mg, 2.39 mmol), anhydrous triethylamine (0.786 mL, 5.64 mmol),

PdCl2(PPh3)2 (30 mg, 0.04 mmol), and copper© iodide (17 mg5 0.09 mmol). The mixture

10 was heated to 60 °C overnight. Additional reagents were added, and after 5 days, the

reaction was cooled to ambient temperature and stirred overnight. The reaction mixture

was then poured into 400 mL of 50% aqueous potassium carbonate, upon which a milky

brown precipitate formed. The aqueous solution was decanted and the solids were

dissolved in dichloromethane, dried, and filtered. The filtrate was purified using silica gel

15 chromatography eluting with a gradient of0-8% methanol in dichloromethane. The

purified fractions were concentrated to give l-[4-amino-2-ethoxyniethyl-7-[3-(pyrazin-2-

yl)prop~2->TLloxy]-l//-imidazo[43
5-c]quinolin-l-yl]-2-methylpropan-2-ol as a white solid.

MS (APCI) m/z 447 (M + H)
+

.

PartB

20 l-[4-Amino-2-ethoxymethyl-7-^

c]quinolin-l-yl]-2-methylpropan-2-ol (400 mg, 0.89 mmol) was dissolved in a minimal

amount of 1 :1 methanol :ethanol and shaken with 10% palladium on carbon (400 mg)

under 45 psi (3.1 x 10
5
Pa) ofhydrogen for 18 hours. The mixture was filtered through a

PTFE filter and the filtrate concentrated under reduced pressure. The resulting dark oil

25 was purified by flash column chromatography eluting with a gradient of0-6% methanol in

dichloromethane. Clean fractions were concentrated. The solid was recrystallized from

acetonitrile to provide l-[4-amino-2-ethoxymethyl-7-[3-(pyrazin--2-yl)propoxy]-lii/-
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imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol (57 mg) as a white solid, mp 166.0-

167.0.

MS (APCI) m/z 451 (M + H)+;

Anal. Calcd. for C24H30N6O3: %C, 63.98; %H, 6.71; %N, 18.65. Found: %C, 63.66; %H,

6.54; %N, 18.62.

Example 133

2-Ethoxymethyl-l-propyl-8-(pyridin-3-ylmem^

2-Ethoxymethyl-l-propyl-m-imidazo[4,5-c]quinolin-8-ol was prepared by treating

8-benzyloxy-2-ethoxymethyl-l-propyl-liy-imidazo[4,5-c]quinoline, prepared in Parts A-F

ofExample 150, according to the method described in Example 5.

2-Ethoxymethyl-l-propyl-l/f-imidazo[4,5-c]quinolin-8-ol (680 mg, 2.38 mmol)

was dissolved in dichloromethane and mCPBA (60%, 750 mg, 2.62 mmol) was added.

The reaction was monitored by TLC and when all of the starting material was determined

to be consumed, 20 mL of2% aqueous sodium carbonate was added. The organic layer

was extracted with 2 additional portions of2% sodium carbonate. The aqueous fractions

were combined and concentrated hydrochloric acid was added dropwise until the pH
reached 1

. The pH was then adjusted to 5 with the portionwise addition of2% sodium

carbonate. A precipitate formed and was collected by fdtration to give crude 2-

ethoxymethyl-5-oxido-l-propyl-li7-imidazo[4,5-c]quinolin-8-ol as an off-white powder.

The solid was combined in 50 mL ofanhydrous THF with triphenylphosphine (1.2 g, 4.76

mmol) and pyridine-3-methanol (390 mg, 3.57 mmol). Diisopropyl azodicarboxylate (1.2

g, 5.95 mmol) was added dropwise. After 4 hours, additional portions of

PartA
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triphenyphosphine and pyridine~3-methanol followed by diisopropyldicarboxylate were

added and the reaction was stirred for one hour. Water (1 mL) was added and the reaction

stirred overnight. The reaction mixture was concentrated under reduced pressure and the

resulting solid was dissolved in dichloromethane and washed 3 times with 50 mL portions

of2% aqueous sodium carbonate. The aqueous fractions were combined and extracted

with chloroform. The organic fractions were combined, dried over magnesium sulfate,

filtered, and concentrated to give crude 2-ethoxymethyl-5-oxido-l-propyl-8-(pyridin-3-

ylmethoxy)-l Jf/-imidazo[4
35-c]quinoline.

PartB

The crude 2-ethoxymethyl-5-oxido-l-propyl-8-(pyridin-3-ylmethoxy)-l^/'-

imidazo[4,5-c]quinoline from Part A was dissolved in 50 mL of dichloromethane and

trichloroacetyl isocyanate (540 mg, 2.85 mmol) was added dropwise. The reaction was

monitored by thin layer chromatography and once the starting material was consumed, 2

mL of concentrated ammonium hydroxide was added. The reaction was stirred for 30

minutes and then passed through a column containing cation-exchange resin. The column

was washed with methanol to remove impurities followed by elution of the desired product

from the column with 2M ammonia in methanol. The volatiles were removed under

reduced pressure. The resulting residue was dissolved in dichloromethane and purified by

column chromatography on a HORIZON HPFC system. A silica gel cartridge was used

eluting with a gradient of 0-8% methanol in dichloromethane. The solid was further

purified by recrystallization from acetonitrile to give 2-ethoxymethyl- 1 -propyl-8-(pyridin-

3-ylmethoxy)-li?-imidazo[4,5-c]quinolin-4-amine as light amber crystals, mp 190.0-191.0

°C.

Anal. Calcd. for C22H25N5O2: %C, 67.50; %H, 6.44; %N, 17.89. Found: %C, 67.24; %H,

6.35; %N, 17.96.
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Example 134

1 -[4-Amino-2-(2-methoxyethyl)~7--[2-(pyrrol- 1 -yl)ethoxy] - li7-imidazo[4?
5-c]quinolin- 1 -

yl]-2-methylpropan-2-ol

4-Amino- 1~(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)-li?-imidazo[4?
5-

c]quinolin-7-ol was alkylated as described in the general procedure for Examples 7-20,

using 2 equivalents ofcesium carbonate and 1.1 equivalents of l-(2-bromoethyl) pyrrole.

The reaction was heated overnight at 50 °C and then heated to 80 °C for an additional four

hours. The reaction was cooled and poured into water containing 20 g of sodium chloride.

The resulting precipitate was filtered and purified using column chromatography eluting

with a gradient of 0-8% methanol in dichloromethane. The clean fractions were

combined, concentrated, and recrystallized from acetonitrile to give 160 nig of 1 -[4-amino-

2-(2-methoxyethyl)-7-[2-(pyrrol-l^^

methylpropan-2-ol as an off-white solid, mp 168.0-169.0 °C.

MS (APCI) m/z 424 (M + H)
+

;

Anal. Calcd. for C23H29N5O3: %C, 65.23; %H, 6.90; %N, 16.54. Found: %C, 65.16; %H,

7.16; %N, 16.69.

Example 135

l-(4-Amino-2-ethoxymethyl-7^^

yl)-2-methylpropan-2-ol

4-Amino-2-ethoxymethyl-l -(2-hydroxy-2-methylpropyl)- l#-imidazo[4,S-

c]quinolin-7-ol (500 mg, 1.51 mmol), cesium carbonate (980 mg, 3.02 mmol), 3-(2-
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bromoethyl)indole (375 mg, 1.66 mmol), and DMF (10 mL) were combined and stirred at

ambient temperature overnight followed by heating at 80 °C for 4 hours. The reaction

mixture was cooled to ambient temperature and poured into 200 mL ofwater containing

20 g of sodium chloride. The resulting precipitate was filtered, dissolved in

dichloromethane, and purified by flash column chromatography on silica gel, eluting with

a gradient of 0-8% methanol in dichloromethane. Clean fractions were combined and

concentrated. The solid was slurried in hot acetonitrile, filtered, and dried under reduced

pressure to yield 305 mg of l-(4-amino-2-ethoxymethyl-7-[2-(^

imidazo[455-c]quinolin-l-yl)-2-methylpropan-2-ol as an off-white solid, mp 220.0-222.0

°C.

MS (APCI) m/z 474 (M + H)
+

;

Anal. Calcd. for C27H31N5O3: %C, 68.48; %H, 6.60; %N, 14.79. Found: %C, 68.27; %H,

6.80; %N, 14.87.

4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(2-methoxyethyl)- l//-imidazo[45
5-

c]quinolin-7-ol was alkylated as described in the general procedure for Examples 7-20,

using 2 equivalents of cesium carbonate and 1.1 eq of 3-(bromomethyl)-5-

methylisoxazole. After stirring overnight at room temperature, the reaction mixture was

poured into 200 mL ofwater containing 20 g ofsodium chloride. The resulting precipitate

was filtered, dissolved in dichloromethane, and purified by flash column chromatography

on silica gel, eluting with a gradient of0-8% methanol in dichloromethane. The clean

fractions were combined and concentrated. The resulting solid was slurried in cold

acetonitrile, filtered, and dried under reduced pressure to yield 315 mg of l-[4-amino-2-(2-

Example 136

l-[4-Amino-2-(2-methoxyethyl)-7-(5-methylisoxazol-3-ylmethoxy)-

l#-imidazo[4,5-c]quinolm- 1 -yl]-2-methylpropan-2-ol
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methoxyethyl)-7-(5-methylisoxazol-3-ylm

methylpropan-2-ol as an off-white solid, mp 169.0-170.0.

MS (APCI) m/z 426 (M + H)+
;

Anal. Calcd. for C^tNsCVO.S H20: %C, 60.81; %H, 6.50; %N, 16.12. Found: %C,

5 61.05; %H, 6.36; %N, 16.26.

Example 137

1 -[4-Amino-2-ethoxymethyl-7-(thiazol-4-ylmethoxy)- li7-imidazo[4,5-c]quinolin- 1 -yl]-

2-methylpropan-2-ol

4-Amino-2-ethoxymethyl- 1-(2-hydroxy-2-methylpropyl)- l//-imidazo [4,5 -

c]quinolin-7-ol (100 mg, 0.3 mmol), cesium carbonate (488 mg, 1.5 mmol), 4-

(chloromethyl)thiazole»HCl (102 mg, 0.6 mmol), tetrabutylammonium bromide (96 mg,

0.3 mmol), triethylamine (0.5 ml), and DMF (10 mL) were combined and stirred at

15 ambient temperature overnight. The reaction was concentrated under reduced pressure and

dichloromethane was added to the residue. Undissolved solids were removed by filtration.

The filtrate was concentrated under reduced pressure and subsequently purified by flash

column chromatography on silica gel, eluting with a gradient of 0-4% methanol in

dichloromethane. The clean fractions were combined and concentrated under reduced

20 pressure. The resulting solid was recrystallized from acetonitrile to yield 62 mg of l-[4-

amino-2-ethoxymethyl-7-(thiazol-4-ylmethoxy)- 1if-imidazo [4,5-c]quinolin- 1 -yl]-2-

methylpropan-2-ol as a white powder, mp 190.0-191.0 °C.

MS (APCI) m/z 428 (M + H)+ ;

Anal. Calcd. for C21H25N5O3S: %C, 59.00; %H, 5.89; %N?
16.38. Found: %C, 58.94;

25 %H
5 5.90; %N, 16.59.
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Example 138

1 -[4-Amino-2-ethoxym^

l//-imidazo[455-c]quinolin-l-yl]-2-methylpropan-2-ol

5 4-Amino-2-ethoxymethyl- 1-(2-hydroxy-2-methylpropyl)-l#-imidazo[4,5-

c]quinolin-7-ol (100 mg? 0.3 mrnol), cesium carbonate (488 mg, 1.5 mmol), 4-

(chloromethyl)-2-methylthiazole*HCl (110 mg, 0.6 mmol), tetrabutylammonium bromide

(96 mg, 0.3 mmol), triethylamine (0.5 ml), and DMF (10 mL) were combined and stirred

at ambient temperature overnight. The reaction was concentrated under reduced pressure

10 and dichloromethane was added to the residue. Undissolved solids were removed by

filtration. The filtrate was concentrated under reduced pressure and subsequently purified

by flash column chromatography on silica gel, eluting with a gradient of 0-5% methanol in

dichloromethane. The clean fractions were combined and concentrated under reduced

pressure. The resulting solid was recrystallized from acetonitrile to yield 77 mg of l-[4-

1 5 amino-2-ethoxymethyl-7-(2-methylthiazol-4-ylmethoxy)- li7-imidazo[4,5-c]quinolin- 1 -yl] -

2-methylpropan-2-ol as a white powder, mp 200.0-201.0 °C.

MS (APCI) m/z 442 (M + H)
+

;

Anal. Calcd. for C22H27N5O3S: %C, 59.84; %H, 6.16; %N, 15.86. Found: %C, 59.86;

%H, 6.39; %N, 15.98.

20
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Example 139

l-[4-Amino-2-ethoxymethyl-7-[2-(thiophen-2-yl)thiazol-

177-imidazo [4,5-c]quinolin- 1 -yl]-2-methylpropan-2-ol

5 4-Amino-2-ethoxymethyl- 1 -(2-hydroxy~2-methylpropyl)-~li/-imidazo[4,5-

c]quinolin-7~ol (100 mg, 0.3 mmol), cesium carbonate (195 mg, 0.6 mmol), 4-

(chloromethyl)-2-(2-thienyl)-l,3-thiazole (71 mg, 0.33 mmol), tetxabulylammonium

bromide (10 mg, 0.03 mmol), triethylamine (0.5 ml), and acetonitrile (10 mL) were

combined and stirred at ambient temperature overnight. The reaction was concentrated

1 0 under reduced pressure and dichloromethane was added to the residue. Undissolved solids

were removed by filtration. The filtrate was concentrated under reduced pressure and

subsequently purified by flash column chromatography on silica gel, eluting with a

gradient of 0-5% methanol in dichloromethane. The clean fractions were combined and

concentrated under reduced pressure. The solid was recrystallized from acetonitrile to

1 5 yield 82 mg of 1 -[4-amino-2-ethoxymethyl-7-[2-(^

imidazo[4
35-c]quinolin-l-yl]-2-methylpropan~2-ol as an offwhite powder, mp 192.0-194.0

°C.

MS (APCI) m/z 510 (M + H)
+

;

Anal. Calcd. for C25H27N5O3S2: %C, 58.92; %H, 5.34; %N, 13.74. Found: %C, 58.68;

20 %H, 5.24; %N, 13.82.
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Example 140

H4-Amino-2-e1lioxy^

lH-imidazo[4,5-c]quinolin- 1 -yl]-2-methyl-propan-2~ol

5 4~Amino-2-ethoxymethyl- 1~(2-hydroxy-2-methylpropyl)-l#-imidazo[4,5-

e]quinolin-7-ol (100 mg, 0.3 mmol), cesium carbonate (195 mg, 0.6 mmol), 5-

(chloromethyl>3-(2-thienyl)- 1 ,2,4-oxadiazole (71 mg, 0.33 mmol), tetrabutylammonium

bromide (10 mg, 0.03 mmol), triethylamine (0.5 ml), and acetonitrile (10 mL) were

combined and stirred at ambient temperature overnight. The reaction was concentrated

10 under reduced pressure and dichloromethane was added to the residue. Undissolved solids

were removed by filtration. The filtrate was concentrated under reduced pressure and

subsequently purified by flash column chromatography on silica gel, eluting with a

gradient of0-5% methanol in dichloromethane. The clean fractions were combined and

concentrated under reduced pressure. The solid was recrystallized from acetonitrile to

15 yield 71 mg of l-[4-amino-2-ethoxymethyl»7-[3-(thiophen-2-yl)-[l,2,4]oxadiazol-5-

ylmethoxy]-l^-imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2'Ol as a white solid, mp

173.0-175.0 °C.

MS (APCI) m/z 495 (M + H)
+

;

Anal. Calcd. for C24H26N6O4S2: %C, 58.29; %H, 5.30; %N, 16.99. Found: %C, 58.31;

20 %H, 5.40; %N, 17.15.
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Example 141

1 -[4-Amino-2-ethoxy^

lif-imidazo[4
?5-c]quinolin-l-yl]-2-methylpropan-2-ol

5 4-Amino-2-ethoxymethyM^

c]quinolin-7-ol (100 mg, 0.3 mmol) ? cesium carbonate (488 mg, 1.5 ramol), 2-

chloromethyl-l-methyl-l^T-imidazole»HCl (100 mg, 0.6 mmol), tetrabutylammonium

bromide (96 mg, 0.3 mmol), triethylamine (0.5 ml), and DMF (10 mL) were combined and

stirred at ambient temperature overnight. The reaction was concentrated under reduced

10 pressure and dichloromethane was added to the residue. Undissolved solids were removed

by filtration. The filtrate was concentrated under reduced pressure and subsequently

purified by flash column chromatography on silica gel, eluting with a gradient of0-5%

methanol in dichloromethane. The clean fractions were combined and concentrated under

reduced pressure. The resulting solid was recrystallized from isopropanol/diethylether to

15 yield 40 mg of l-[4-amino-2-ethoxymethyl-7-(l -methyl- li?-imidazol-2-ylmethoxy)-17?-

imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol as an offwhite solid, mp 200.0-202.0

°C.

MS (APCI) m/z 425 (M + H)+
;

Anal. Calcd. for C22H28N6O3: %C, 62.25; %H, 6.65; %N, 19.80. Found: %C, 62.03; %H,

20 6.83; %N, 19.48.
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Example 142

N-[2-(4-Amino-7-benzyloxy-2-ethoxymethyl- l//-imidazo[4,5 -c]quinolin- 1 -yl)- 1,1-

dimethylethyl]acetamide

5 Part A
(2-Amino-2-methylpropyl)-(7-bei^ (5.29 g, 14.44

mmol) was stirred in 100 mL ofTHF and sodium hydroxide (0.64 g in 50 mL ofwater)

was added. Next, 3.82 g of di-tert-butyl dicarbonate in 50 mL ofTHF was added dxopwise

and the reaction was stirred for 24 hours at ambient temperature. Analysis ofthe reaction

10 by TLC indicated that starting material was still present. An additional 0.55 g of di-tert-

butyl dicarbonate in 20 mL ofTHF was added and the reaction was stirred for another 24

hours. The THF was removed under reduced pressure and dichloromethane was added.

The organic fraction was separated from the aqueous fraction. The organic fraction was

then sequentially washed with water followed by brine; dried over magnesium sulfate;

15 filtered; and concentrated under reduced pressure to yield 7.04 g of tert-bntyl [2-(7-

benzyloxy-3-nitroquinolin-4-ylamino)-l 5
l-dimethylethyl]carbamate as a yellow foam.

PartB

tert-Butyl [2-(7-benzyloxy-3-nitroquinolin-4-ylamino)-l , 1 -

dimethylethyl]carbamate (6.74 g), 5% platinum on carbon (1.02 g), and acetonitrile (125

20 mL) were combined. The mixture was shaken overnight under 50 psi (3.4 x 10
5
Pa) of

hydrogen. The reaction was filtered through CELITE filter agent and the filtrate was

concentrated under reduced pressure to give 6.04 g of tert-butyl [2-(3-amino-7-

benzyloxyquinolin-4-ylamino)-l ,1-dimethylethyl]carbamate as an orange foam.

PartC

25 Ethoxyacetyl chloride (1 .82 mL, 16.60 mmol) was added to a chilled (0 °G)

solution of tert-butyl [2-(3-amino-7-ben2yloxyquinolin-4-ylamino)-l,l-

dimethylethyl]carbamate (6.04 g, 13.8 mmol) and triethylamine (3.86 mL, 27.68 mmol) in
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150 mL of anhydrous dichloromethane. After stirring for 30 minutes, the cooling bath was

removed and the reaction was stirred for 24 hours at ambient temperature. The volatiles

were removed under reduced pressure and the resulting residue was dissolved in ethanol,

followed by the addition of 3.86 mL of triethylamine. The reaction was heated at reflux

for 2.5 days and then cooled to ambient temperature. The solvent was removed under

reduced pressure and dichloromethane was added. The solution was sequentially washed

with aqueous sodium bicarbonate followed by brine; dried over sodium sulfate; filtered;

and concentrated under reduced pressure. The residue was purified using flash column

chromatography on silica gel, eluting with 5% methanol in dichloromethane. Clean

fractions were concentrated; while fractions containing both the product and the starting

material were resubmitted to the reaction conditions and repurified as described above. .

The combined lots provided a total of 5.07 g of fert-butyl [2-(7-benzyloxy-2-

ethoxymethyl-li/-imi was obtained

as an orange foam.

PartD

HC1 in ethanol (3M, 75 mL) was added to tert-butyl [2-(7-benzyloxy-2-

ethoxymethyl- lif-imidazo[4,5-c]quinolin- 1 -yl)- 1 , 1 -dimethylethyl]carbamate (5.07 g,

10.04 mmol) and the solution was heated at reflux for 15 minutes. The volatiles were

removed under reduced pressure and the orange residue was partitioned between dilute

aqueous hydrochloric acid and dichloromethane. The aqueous layer was washed with 2

portions of dichloromethane and then made basic with the addition of aqueous ammonium

hydroxide. The aqueous fraction was then extracted with three portions of

dichloromethane. The combined organic fractions were washed with brine, dried over

sodium sulfate, filtered, and concentrated to yield 3.77 g of2-(7-benzyloxy-2-

ethoxymethyl-li?-imid^ as a brown oil.

PartE

2-(7-Benzyloxy-2-ethoxymethyl- li7-imidazo[4,5-.c]quinolin- 1 -yl)- 1,1-

dimethylethylamine (1.88 g, 4.65 mmol), triethylamine (1.3 mL, 9.3 mmol), and

dichloromethane (50 mL) were combined and cooled to 0 °C. Acetyl chloride (0.36 mL,

5.1 1 mmol) was added and the reaction was stirred for 30 minutes. The cooling bath was

removed and the reaction was stirred for an additional 3.5 hours. Water was added and the
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layers were separated. The organic fraction was sequentially washed with brine; dried

over sodium sulfate; filtered; and concentrated under reduced pressure to provide a tan

solid. The solid was purified by flash column chromatography on silica gel (eluting with

a gradient of 6-7.5% methanol in dichloromethane) to yield 1.71 g ofiV-[2-(7-benzyloxy-2-

5 ethoxymethyl-lif-imidazo[4,5-c]^ as a cream

colored solid.

PartF

mCPBA (60% pure, 1.70 g>) was added to a solution ofN-[2-(7-bQuzylox.y-2"

ethoxymethyl-li?-imidazo[4,5-c]quinolin-l-yl)-l ,1 -dimethylethyl]acetamide (1.71 g, 3.83

10 mmol) in chloroform (100 mL). The reaction was stirred for 4 hours and then an

additional 0.57 g ofmCPBA was added. The reaction was stirred for 2 more hours and

then quenched by adding aqueous 1% sodium carbonate. The layers were separated and

the aqueous fraction was extracted with five portions ofchloroform. The combined

organic fractions were washed with brine, dried over sodium sulfate, filtered, and

15 concentrated to give 1 .78 g ofcrude Ar-[2-(7-benzyloxy-2-ethoxymethyl-5-oxido-li/-

imidazo[4,5-c]quinolin- 1 -yl)-

1

5 1-dimethylethyl]acetamide as an orange foam.

PartG

A^2-(7-Benzyloxy-2-ethoxymethyl-5-oxido-l^

dimethylethyl]acetamide (1.77 g, 3.83 mmol) was dissolved in dichloromethane (100 mL)

20 and aqueous ammonium hydroxide (10 mL) was added, followed by para-toluenesulfonyl

chloride (0.73 g, 3.83 mmol). After stirring for 5 hours, the organic and aqueous phases

were separated and the organic fraction was washed twice with saturated sodium

bicarbonate and then once with brine. The organic fraction was then dried over sodium

sulfate, filtered, and concentrated to give a dark orange solid. The solid was purified by

25 flash column chromatography on silica gel (eluting with a gradient of 6-7.5% methanol in

dichloromethane) followed by recrystallization from acetonitrile to provide 1 .27 g ofN-[2-

(4-amino-7-benzyloxy-2-ethoxymethyl- l#-imidazo[4,5-c]quinolin-l-yl)- 1,1-

dimethylethyl]acetamide as a white powder, mp 202.0-205.0 °C.

*H NMR (300 MHz, DMSO-^) 8 8.23 (d, 9.04 Hz, 1H), 7.01 (s, 1H), 7.48 (m, 2H),

30 7.41-7.31 (m, 3H), 7.10 (d, J= 2.6 Hz, 1H), 6.92 (dd, 9.0, 2.6 Hz, 1H), 6.54 (s, 2H),
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5.19 (s, 2H), 4.93 (s, 2H), 4.69 (s, 2H), 3.49 (q, J= 7.0 Hz, 2H), 1.80 (s, 3H), 1.18 (s, 6H),

1.11 (t, J=7.0Hz,3H);

l3CNMR(75 MHz, DMSO-d*) 8 167.8, 155.0, 150.2, 147A 145.0, 135.1, 132.5, 126.3,

125.6, 125.5, 122.9, 120.1, 109.1, 107.3, 106.5, 66.9, 63.2, 62.1, 52.5, 48.6, 23.4, 21.5,

12.8;

MS(APCI) m/z 462(M + H)
+

;

Anal. Calcd. for C26H31N5CVO.37 H20: C, 66.70; H, 6.83; N, 14.96. Found: C, 67.05; H,

6.83; N, 15.08.

AT-[2-(4-Amino-7-benzyloxy-2-ethoxymethyl- liJ-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyl]acetamide (0.72 g, 1.56 mmol) was dissolved in 200 mL ofwarm ethanol.

10% Palladium on carbon (0.33 g) was added and the mixture was shaken overnight under

50 psi (3.4 x 10
5
Pa) ofhydrogen. The reaction was filtered through CELITE filter agent,

and the filtrate was removed under reduced pressure. The resulting brown solid was

purified by flash column chromatography on silica gel, eluting with 14% methanol in

dichloromethane. The fractions containing the desired product were combined and further

purified by column chromatography on a HORIZON HPFC system. A silica gel cartridge

was used with the eluent being a gradient of30-50% CMA in chloroform. The clean

fractions were combined and concentrated under reduced pressure to provide 0.23 g ofN-

[2-(4-amino-2-ethoxymethyl-7~hydroxy- 1iWmidazo [4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyl]acetamide as an off-white solid, m.p. 140 °C.

Example 143

JV-[2-(4-Amino-2-ethoxym

1 , 1-dimethylethyl]acetamide
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!HNMR (300 MHz, DMSO-^) 5 9.50 (s, 1H), 8.15 (d, J= 8.9 Hz, 1H), 7.72 (s, 1H),

6.93 (d, J= 2.5 Hz, 1H), 6.75 (dd, J= 8.9, 2.5 Hz, 1H), 6.46 (s, 2H), 4.93 (s, 2H), 4.70 (s,

2H), 3.50 (q, J= 7.0 Hz, 2H), 1.82 (s, 3H), 1.20 (s, 6H), 1.12 (t, J= 7.0 Hz, 3H);

13CNMR(75 MHz,DMSO-^) 5 170.3, 156.7, 152.5, 149.4, 147.8, 135.2, 125.1, 122.5,

111.7, 110.1, 108.8, 65.7, 64.6, 55.1,51.0, 25.9, 24.0, 15.3;

MS (APCI) m/z 372 (M + H)+
;

Anal. Calcd. for Ci 9H25N5O3*0.32 H20: C, 60.50; H, 6.85; N, 18.57. Found: C, 60.30; H,

6.66; N, 18.42.

Example 144

N-[2-(4-Amino-7-benzyloxy-2-ethoxymethyl- 1Zf-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyl] -TV-isopropylurea

PartA
2-(7-Benzyloxy-2-ethoxymethyl- li7-imidazo[4,5-c]quinolin- 1 -yl)-l , 1 -

dimethylethylamine (1.88 g, 4.65 mmol) and dichloromethane (50 mL) were combined and

cooled to 0 °C. Isopropyl isocyanate (0.50 mL, 5.11 mmol) was added and the reaction

was stirred for 30 minutes. The cooling bath was removed and the reaction was stirred

overnight. The volatiles were removed under reduced pressure to give a brown solid. The

solid was purified by flash column chromatography on silica gel (eluting with 6%

methanol in dichloromethane) to yield 1.96 g ofN-[2-(7-benzyloxy-2-ethoxymethyl- IH-

imidazo[4,5-c]quinolin-l-yl)-l,l-dimethylethyl]-iV'-isopropylurea as a cream colored

solid.

PartB

mCPBA (60% pure, 1.18 g) was added to a solution ofJV-[2-(7-benzyloxy-2-

ethoxymethyl-l/Wmidazo[4,5-c]quinolin- 1 -yl)- 1 , 1 -dimethylethyl]-TV-isopropylurea ( 1 .96

g, 4.0 mmol) in chloroform (50 mL). The reaction was stirred for 3 hours and then an
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additional 0.53 g ofmCPBA was added. The reaction was stirred for 2 more hours and

then quenched with aqueous 1% sodium carbonate. The layers were separated and the

aqueous fraction was extracted with dichloromethane. The combined organic fractions

were washed with brine, dried over sodium sulfate, filtered, and concentrated under

5 reduced pressure to yield 2.2 g of crude N-[2-(7-benzyloxy-2-ethoxymethyl-5-oxido- 177-

imidazo[4
5
5-c]quinolin-l-yl)-l

J
,l-dimethylethyl]--AP--isopropylxirea as an orange foam.

PartC

A^-[2-(7-Benzyloxy-2-ethoxymethyl-5-oxido-l/Z-imidazo[4 ?5-c]quinolin-l -yl)-l 9 1
-

dimethylethyl]-W-isopropylurea (2.02 g, 4.0 mmol) was dissolved in dichloromethane (50

1 0 raL) and aqueous ammonium hydroxide (10 mL) was added, followed by para-

toluenesulfonylchloride (0.76 g, 4.0 mmol). After stirring for 4 hours, the organic and

aqueous phases were separated and the organic fraction was washed twice with saturated

sodium bicarbonate and then once with brine. The organic fraction was then dried over

sodium sulfate, filtered, and concentrated to give 2.03 g of an orange solid. The solid was

15 recrystallized from acetonitrile. Residual acetonitrile was removed from the product by

dissolving the solid in 1:1 dicloromethane/methanol and removing the solvents under

reduced pressure. 1.28 g ofAA-[2-(4-amino-7-benzyloxy-2-ethoxymethyl- li7-imidazo[4
?
5-

clquinolin-l-y^-ljl-dimethylethyy-JV'-isopropylurea was recovered as a cream colored

solid, mp 110°C.

20
]HNMR (300 MHz, DMSO-J*) 8 8.23 (d, J= 9.10 Hz, 1H), 7.47 (m, 2H), 7.41-7.3 1 (m,

3H), 7.10 (d, J= 2.63 Hz, 1H), 6.92 (dd, J= 9.02, 2.63 Hz, 1H), 6.54 (s, 2H), 5.66 (m,

2H), 5.18 (s, 2H), 4.92 (s, 2H), 4.70 (br s, 2H), 3.71 (m, 1H), 3.49 (q, J= 6.98 Hz, 2H),

LIS (br s, 6H), 1.11 (t,J= 6.98 Hz, 3H), 1.04 (d, J = 6.50, 6H);

13C NMR (75 MHz, DMSO-^) 8 157.5, 157.2, 152.7, 150.2, 147.5, 137.6, 134.9, 128.8,

25 128.1, 127.9, 125.4, 122.6, 11L7, 109.9, 108.9, 69.4, 65.7, 64.4, 54.2, 51.9, 40.9, 26.4,

23.6, 15.3;

MS (APCI) m/z 505 (M + H)
+

;

Anal. Calcd. for C28H36N6(V0.45 H2Or C, 65.59; H, 7.25; N, 16.39. Found: C, 65.83; H,

7.65; N, 16.50.

30
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Example 145

A42-(4-Amino-2-ethoxymethyl-7-hydto^

dimethylethyl]-JV-isopropylurea

O

iV
r-[2-(4-Amino-7-benzyloxy-2-ethoxymethyl- l#-imidazo[4,5-c]qumolin-l -yl)- 1,1-

dimethylethyl]-iV-isopropylurea (0.94 g, 1.66 mmol) was dissolved in 100 mL ofwarm

ethanol and then cooled back to ambient temperature. 10% Palladium on carbon (0.35 g)

was added and the mixture was shaken overnight under 50 psi (3.4 x 10
s
Pa) ofhydrogen.

The reaction was filtered through CELITE filter agent, and the filter pad was washed

sequentially with ethanol and methanol. The filtrate was concentrated under reduced

pressure. The resulting offwhite solid was purified by flash column chromatography on

silica gel (eluting with 90:10:1 dichloromethane/methanol/aqueous ammonium hydroxide)

to provide 0.53 g ofA^-[2-(4-amino-2-ethoxymethyl-7-hydroxy-l^-imidazo[4,5-

c]quinolin-l-yl)-l,l-dimethylethyl]-iV-isopropylurea as an off-white powder, m.p. 163-

168 °C.

lH NMR (300 MHz, DMSO-^) 8 9.48 (s, 1H), 8.13 (d, J= 8.9 Hz, 1H), 6.93 (d, J= 2.6

Hz, 1H), 6.75 (dd, J= 8.6, 2.6 Hz, 1H), 6.44 (s, 2H), 5.70 (s, 1H), 5.67 (d, J= 7.6 Hz, 1H),

4.91 (s, 2H), 4.70 (br s, 2H), 6.72 (m, 1H), 3.50 (q, J= 7.0 Hz, 2H), 1.12 (t, J= 7.0 Hz,

3H), 1.10 (br s, 6H), 1.06 (d, J= 6.5 Hz, 6H);

13C NMR (75 MHz, DMSO-^) 6 157.2, 156.6, 152.5, 149.7, 147.7, 135.1, 125.0, 122.5,

111.7, 110.1, 108.9, 65.6,64.4, 54.2,51.9, 40.9, 26.4,23.6, 15.3;

MS (APCI) m/z 415 (M + H)+
;

Anal. Calcd. for C21H30N5CVO.45 H20: C, 59.68; H, 7.37; N, 19.89. Found: C, 59.84; H,

7.27; N, 19.54.
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Example 146

A^[2-(4-Amino-8-benzyloxy-2rethoxymethyl-li/-imida

1 , 1-dimethylethyljmethanesulfonamide

PartA

(2-Aniino-2-methylpropyl)-(6-benzyloxy-3-nitroquinolin-4-yl)amin was prepared

according to the method described in Part A of Example 52, using 6-benzyloxy-4-chloro-

3-nitroquinoline in lieu of 7-benzyoxy-4-chloro-3-ni1xoquinoline.

(2-Amino-2-methylpropyl)(6-benzyloxy-3-nitroquinolin-4-yl)amine (24.33 g, 66.4

mmol) was stirred in 400 mL ofTHF and sodium hydroxide (2:92 g in 100 mL ofwater)

was added. Next, 17.40 g of di-tert-butyl dicarbonate in 100 mL ofTHF was added

dropwise and the reaction was stirred overnight at ambient temperature. The THF was

removed under reduced pressure and dichloromethane and water were added. The organic

fraction was separated from the aqueous fraction. The organic fraction was then

sequentially washed with water followed by brine; dried over sodium sulfate and

magnesium sulfate; filtered; and concentrated under reduced pressure to yield 3 1 .05 g of

crude tert-butyl [2-(6-benzyloxy-3-nitroquinolin-4-ylamino)- 1 , 1 -dimethylethyl]carbamate

as a brown foam.

PartB

fert-Butyl [2-(6-benzyloxy-3-nitroquinolin-4-ylamino)- 1,1-

dimethylethyljcarbamate (13.75 g), 5% platinum on carbon (1.03 g), and acetonitrile (250

mL) were combined. The mixture was shaken overnight under 50 psi (3.4 x 10
5
Pa) of

hydrogen. The reaction was filtered through CELITE filter agent, and the filter pad was

rinsed with acetonitrile. The filtrate was concentrated under reduced pressure. Residual

water was removed by an azeotrope with toluene. Removal of all volatiles under reduced
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pressure provided 13.34 g of crude tert-butyl [2-(3-amino-6-benzyloxyquinolin-4-

ylamino)- 1 , 1 -dimethylethyl]carbamate as a brown foam.

Parte

Ethoxyacetyl chloride (3.5 mL, 32.0 mmol) was added to a solution of tert-butyl

[2-(3-amino-6-benzyloxyquinolin-4-ylamino)-l ,1 -dimethylethyl]carbamate (12.71 g, 29.1

mmol) and triethylamine (8.1 mL, 58.2 mmol) in approximately 250 mL ofanhydrous

dichloromethane. After stirring for 2 hours, the volatiles were removed under reduced

pressure and the resulting brown residue was dissolved in ethanol, followed by the

addition of 8.1 mL oftriethylamine. The reaction was heated at reflux for 2.5 days and

then cooled to ambient temperature. The solvent was removed under reduced pressure and

dichloromethane was added. The solution was sequentially washed with aqueous sodium

bicarbonate (2X) followed by brine; dried over sodium sulfate; filtered, and concentrated

under reduced pressure. The residue was purified by column chromatography on a

HORIZON IIPFC system. A silica gel cartridge was used eluting with a gradient of 0-15%

CMA in chloroform to provide 8.4 g of tert-butyl [2-(8-benzyloxy-2-ethoxymethyl-li7-

imidazo[4,5-c]quinolin- 1 -yl)- 1 , 1 -dimethylethyl]carbamate as an orange foam.

PartD

A 50 mL solution ofHC1 in ethanol (4.3 M) was added to a solution of te/t-butyl

[2-(8-benzyloxy-2-ethoxymethyM

dimethylethyl]carbarnate (8.4 g, 16.6 mmol) in ethanol (50 mL) and heated at reflux

temperature for 1 hour. The reaction was cooled to ambient temperature and nitrogen was

bubbled through the solution. The solvent was removed under reduced pressure and water

was added to the residue. The solution was made basic and then extracted with three

portions of dichloromethane. The combined organic fractions were washed with brine,

dried over sodium sulfate, filtered, and concentrated to yield 6.26 g of2-(8-benzyloxy-2-

ethoxymethyl-l#-imidazo[4^^ as a brown solid.

PartE

2-(8-Benzyloxy-2-ethoxymethyl- l#-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethylamine (2.19 g, 5.4 mmol), triethylamine (1.5 mL, 10.8 mmol), and

dichloromethane (50 mL) were combined. Methanesulfonic anhydride (1.04 g, 6.0 mmol)

was added and the reaction was stirred overnight. Analysis by thin layer chromatography

-218-



WO 2005/020999 PCT/US2004/028021

indicated that the reaction was not complete. An additional 0.2 g of methanesulfonic

anhydride wass added and the reaction was stirred for 2 more hours. Saturated sodium

bicarbonate was added and the layers were separated. The organic fraction was

sequentially washed with a second portion of saturated sodium bicarbonate and then brine;

dried over sodium sulfate; filtered; and concentrated under reduced pressure to provide an

orange foam. The residue was purified by column chromatography on aHORIZON HPFC

system. A silica gel cartridge was used eluting with a gradient of0-20% CMA in

chloroform to provide 2.37 g of7V-[2-(8-benzyloxy-2-ethoxymethyl-l^imidazo[4,5-

c]quinolin-l-yl)-l,l-dimethylethyl]methanesulfonamide as a white solid.

PartF

mCPBA (60% pure, 1.45 g,) was added to a solution ofiV-[2-(8-benzyloxy-2-

ethoxymethyl-li/-imidazo^

(2.37 g, 4.91 mmol) in chloroform (100 mL). The reaction was stirred for 2 hours and

quenched by adding 50 mL of aqueous 2% sodium carbonate. The layers were separated

and the aqueous fraction was extracted with two portions ofchloroform. The combined

organic fractions were washed with brine, dried over sodium sulfate, filtered, and

concentrated to give 2.29 g of crude 7V-[2-(8-benzyloxy-2-ethoxymcthyl-5-oxido-l/7-

imidazo[4,5-c]quinolin-l-yl)-l,l-dimethylethyl]methanesulfonamide as an orange foam.

PartG

AT-[2-(8-Benzyloxy-2-ethoxymeth^ 1 -yl)- 1, 1 -

dimethylethyl]methanesulfonamide (2.29 g, 4.59 mmol) was suspended in

dichloromethane (75 mL) and trichloroacetyl isocyanate (0.71 mL, 5.97 mmol) was added

dropwise. After stirring for 1 hour, the volatiles were removed under reduced pressure.

The resulting orange residue was dissolved in methanol (75 mL) and 6 mL of sodium

methoxide (21% in methanol) was added. The reaction was stirred for two additional

hours and then the methanol was removed under reduced pressure. The residue was

dissolved in dichloromethane and washed with water followed by brine. The organic

fraction was dried over sodium sulfate, filtered and concentrated under reduced pressure to

give an orange foam. The residue was purified by column chromatography on a

HORIZON HPFC system. A silica gel cartridge was used eluting with a gradient of 10-

30% CMA in chloroform to provide 1.88 g ofAr-[2-(4-amino-8-benzyloxy-2-
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ethoxymethyl-li7-imidazo[4,

5

-c]quinolin- 1 -yl)-

1

, 1-dimethylethyl]metlianesulfonamide as

a white powder, mp 90 °C.

Anal. Calcd. for C2sH3iN5O4S*0.30 H20: C ? 59.70; H, 6.33; N, 13.92. Found: C, 59.52;

H, 6.24; N, 13.89.

5

Example 147

TV-[2-(4-Amino-2-ethoxymethyl-8-hydroxy- 1i/-imidazo [4,5 -c] quinolin- 1 -yl)- 1,1-

dimethylethyl]methanesulfonamide

10

A42-(4-Amino-8-benzyloxy-2-eth^^

dimethylethyl]methanesulfonamide (1.16 g, 2.33 mmol) was dissolved in 50 mL of ethanol

and 10% palladium on carbon (0.46 g) was added. The mixture was shaken overnight

under 50 psi (3.4 x 10
5
Pa) ofhydrogen. Dichloromethane (100 mL) and methanol (100

15 mL) were added and reaction was filtered through CELITE filter agent. The filter cake

was washed with 200 mL of 1 : 1 dichloromethanermethanol. The filtrate was concentrated

under reduced pressure to give a white solid. The solid was precipitated from a minimum

amount of ethanol and then redissolved in dichloromethane containing a minimum amount

ofmethanol. Aqueous ammonium hydroxide was added. The two phases were mixed by

20 shaking and then separated. The organic fraction was discarded and the aqueous fraction

was extracted with four portions of dichloromethane followed by two portions of ethyl

acetate. The combined organic fractions were concentrated. The volume of the aqueous

fraction was reduced, and a precipitate formed. The aqueous fraction was made basic by

the addition of aqueous ammonium hydroxide and the resulting precipitate was recovered

25 by filtration. The solid precipitate was combined with the residue from the organic

fraction to give 0.75 g of crude product. This material was purified by column

chromatography on a HORIZON HPFC system. A silica gel cartridge was used with the
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eluent being a gradient of 30-50% CMA in chloroform to provide 0.57 g ofAf-|>(4-

amino--2-ethoxyiTLetliyl-8-hydroxy- l#"-imidazo[4,5-c]quinolin- 1 -yl)- 1 , 1 -

dimethylethyljmethanesulfonamide as a white powder, m.p. 252 - 254°C.

lUNMR (300 MHz, DMSO-^) 6 9.35 (s, 1H), 7.47 (m, 2H), 7.25 (s, 1H), 6.97 (dd, J=

8.9, 2.4 Hz, 1H), 6.23 (s, 2H), 4.90 (br s, 2H), 4.77 (s, 2H), 3.54 (q, J= 6.9 Hz, 2H), 3.00

(s, 3H), L32 (br s, 6H)
5
1.13 (t, J= 7.0 Hz, 3H);

13CNMR(125 MHz,DMSO-^) 5 151.8, 150.8, 150.3, 139.7, 133.9, 128.1, 127.2, 117.5,

115.9, 104.8, 65.7, 65.1, 57.6, 54.8, 44.7, 25.7, 15.3;

MS (APCI) m/z 408 (M + H)
+

;

Anal. Calcd. for Ci 8H25N5O4S*0.12 H2Oi C, 52.78; H, 6.21; N, 17.10; S, 7.83. Found: C,

52.48; H, 6.37; N, 16.92; S, 7.84.

Example 148

{2-[4-Amino-8-(benzy^

dimethylethyl} cyclohexanecarboxamide

2-(8-Benzyloxy-2-ethoxymethyl- li7-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethylamine (2.19 g, 5.4 mmol), triethylamine (1.5 mL, 10.8 mmol), and

dichloromethane (50 mL) were combined. Cyclohexanecarbonyl chloride (0.95 mL, 6.0

mmol) was added and the reaction was stirred overnight. Saturated sodium bicarbonate

was added and the layers were separated. The organic fraction was sequentially washed

with a second portion of saturated sodium bicarbonate and then brine; dried over sodium

sulfate; filtered; and concentrated under reduced pressure to provide an orange foam. The

residue was purified by column chromatography on a HORIZON HPFC system. A silica

Part A
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gel cartridge was used eluting with a gradient of 0-20% CMA in chloroform to provide

2.34 g ofjW-{2-[8-(ben2ylox

dimethylethyl}cyclohexanecarboxamide as a tan solid.

PartB

5 mCPBA (60% pure, 1 .34 g) was added to a solution ofN- {2-[8-(benzyloxy)-2-

(ethoxymethyl)-l#-imidazo[4,5-e]quinolin- 1 -yl]- 1,1-

dimethylethyl}cyclohexanecarboxamide (2.34 g, 4.55 mmol) in chloroform (100 mL).

The reaction was stirred for 2 hours and quenched by adding 50 mL of aqueous 2%

sodium carbonate. The layers were separated and the aqueous fraction was extracted with

10 two portions of chloroform. The combined organic fractions were washed with brine,

dried over sodium sulfate, filtered, and concentrated to give 2.68 g ofcrude iV-{2-[8-

(benzyloxy)-2<ethoxymethy^

dimethylethyl}cyclohexanecarboxamide as an orange foam.

PartC

15 AH2-[8-(benzyloxy)-2-(ethoxym^

l,l-dimethylethyl}cyclohexanecarboxamide (2.41 g, 4.55 mmol) was suspended in

dichloromethane (75 mL) and trichloroacetyl isocyanate (0.70 mL, 5.92 mmol) was added

dropwise. After stirring for 1 hour, the volatiles were removed under reduced pressure.

The resulting orange residue was dissolved in methanol (75 mL) and 6 mL ofsodium

20 methoxide (21% in methanol) was added. The reaction was stirred overnight and then the

methanol was removed under reduced pressure. The residue was dissolved in

dichloromethane and washed with water followed by brine. The organic fraction was

dried over sodium sulfate, filtered and concentrated under reduced pressure to give an

orange foam. The residue was purified by column chromatography on a HORIZON HPFC

25 system. A silica gel cartridge was used eluting with a gradient of 10-20% CMA in

chloroform to yield 1.51 g ofJV-{2-[4-amino-8-(benzyloxy)-2-(ethoxymethyl)-li7-

imidazo[4,5 -e]quinolin- 1 -yl]-1,1 -dimethylethyl }cyclohexanecarboxamide as a tan solid.

A second purification of the product by column chromatography using the conditions

described above provided an analytical sample, mp 90 °C.

30 Anal. Calcd. for C3iH39N5O3*0.20 H20: C, 69.82; H, 7.45; N, 13.13. Found: C, 69.44; H,

6.62; N, 13.06.
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Example 149

N- {2-[4-Amino-8-hydroxy-2-(ethoxymethyl)- l^-imidazo[4,5-c]quinolin-l-yl]-l
? l-

dimethylethyl}cyclohexanecarboxamide

A^{2-[4-Amino-8-(benzyloxy)-2-(ethoxymethyl)-li7-im^

1,1-dimethylethyl}cyclohexanecarboxamide (1.25 g, 2.36 mmol) was dissolved in 40 mL
of ethanol and 10% palladium on carbon (0.58 g) was added. The mixture was shaken

overnight under 50 psi (3.4 x 10
5
Pa) ofhydrogen. An additional 0.21 g of 10% palladium

on carbon was added and the reaction was shaken under 50 psi (3.4 x 10
5
Pa) ofhydrogen

for three more hours. The reaction was filtered through CELITE filter agent, and the filter

cake was washed with 100 mL of ethanol. The filtrate was concentrated under reduced

pressure. The resulting offwhite solid was purified by column chromatography on a

HORIZON HPFC system. A silica gel cartridge was used eluting with a gradient of 1 0-

30% CMA in chloroform to provide 0.56 g ofA/"-{2-[4-amino-8-hydroxy-2~

(ethoxymethyl)- l Jff-imidazo[4
?5-c]quinolin~ l-yl]-l ,1-

dimethylethyl}cyclohexanecarboxamide as a white powder, m.p. 231 - 232°C.

!HNMR (300 MHz, DMS(Wtf) 8 9.34 (s, 1H), 7.50 (d, 7= 2.4Hz, 1H), 7.46 (m, 2H), 6.97

(dd, J= 8.9, 2.4 Hz, 1H), 6.22 (s, 2H), 4.90 (br s, 2H), 4.68 (br s, 2H), 3.50 (q, 7= 7.0 Hz,

2H), 2.12 (m, 1H), 1.71 (m, 6H), 1.35-1.13 (m, 10H), 1.09 (t, 7=7.0 Hz, 3H);
13CNMR

(125 MHz, DMSO-tf<0 5 176.4, 151.8, 150.6, 150.3, 139.6, 134.0, 128.0, 127.2, 117.5,

116.0, 104.8, 65.7, 64.5, 54.9, 51.3, 44.7, 29.5, 25.8, 25.7, 15.3;

MS (APCI) m/z 440 (M + H)
+

;

Anal. Calcd. for C^HssNsOs-O^O H2Or C, 65.05; H, 7.60; N, 15.80. Found: C, 64.69; H,

7.63; N, 15.71.
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Example 150

8-Benzyloxy-2-ethoxymethyl- 1 -propyl-l//'-imidazo[4
:>
5-c]quinolin-4-amine

NhL

PartA
5 A mixture of triethyl orthoformate (170 mL, 1.0 mol) and 2,2-dimethyl-[l

?
3]-

dioxane-4,6-dione (53.5 g, 0.37 mol) (Meldrum's acid) was heated at 55 °C for 90

minutes. A solution of4-benzyloxyaniline (84.8 g, 0.43 mol) in methanol (150 mL) was

slowly added to the reaction over a period 1 hour while maintaining the reaction

temperature between 57-60 °C The reaction was cooled to 45 °C and stirred vigorously

10 for 1.5 hours, allowed to cool to room temperature, and then stirred overnight. The

reaction mixture was cooled to 1 °C, and the product was isolated by filtration. The solid

was washed with cold ethanol (-400 mL) until the filtrate was colorless. 5-{[(4-

Benzyloxy)phenylimino]methyl}-2
32-dimethyl-[l 33]-dioxane-4 ?

6-dione (142.4 g, wet with

residual solvent) was isolated as a tan powder.

15 PartB

A solution of 5-{[(4-benzyloxy)phenylimino)]methyl}~2
52-dimethyl-[13]-dioxane-

4,6-dione (127.2 g) and DOWTHERM A (500 mL) heat transfer fluid was heated to 100

°C and then slowly added to a flask containingDOWTHERM A heat transfer fluid (1 L,

heated at 250 °C) over a period of 90 minutes. During the addition, the reaction

20 temperature was not allowed to fall below 245 °C Following the addition, the reaction

was stirred at 250 °C for 30 minutes, and then allowed to cool to ambient temperature. A
precipitate formed, which was isolated by filtration, washed with diethyl ether (1 L) and

acetone (250 mL) ? and dried for two hours under vacuum to provide 65.7 g of 6-

benzyloxyquinolin-4-ol as a yellow powder.
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PartC

A mixture of 6-benzyloxyquinolin-4-ol (65.7 g) and propionic acid (660 mL) was

heated at 1 10 °C with vigorous stirring. Nitric acid (19.2 mL of 16 M) was slowly added

over a period of30 minutes while maintaining the reaction temperature below 120 °C.

5 After the addition, the reaction was allowed to cool to ambient temperature. The resulting

solid was isolated by filtration, washed sequentially with propionic acid, isopropanol, and

diethyl ether. The material was dried in a vacuum dessicator for 2 days to provide 46.0 g

of 6-benzyloxy-3-nitroquinolin-4-ol as a tan powder.

The powder was suspended in DMF (300 mL). A preformed solution of

10 phosphorous oxychloride in DMF (prepared as described in Part D ofExample 1) was

added dropwise to the reaction. Following the addition, the reaction was heated at 100 °C

for 5 minutes; cooled to ambient temperature; and poured into ice water with stirring. A
tan precipitate formed, which was isolated by filtration and dissolved in dichloromethane.

The resulting solution was dried over magnesium sulfate, filtered, and concentrated under

15 reduced pressure to yield 39.1 g of 6-benzyloxy-4-chloro-3-nitroquinoline as a tan solid.

The solid was dissolved in dichloromethane (790 ml) and triethylamine (38.5 mL,

0.28 mol) was added. /^-Propylamine (19.5 mL, 0.24 mol) was then added over a period of

25 minutes, and the reaction was stirred for 1 8 hours. The reaction was diluted with

dichloromethane (500 mL); washed sequentially with water and brine; dried over

20 magnesium sulfate; filtered; and concentrated under reduced pressure. The crude product

was recrystallized from 2-propanol to provide 39.1 g of (6-benzyloxy-3-nitroquinolin-4-

yl)propylamine as fine, yellowish-brown needles.

PartD
(6-Benzyloxy-3-nitroquinolin-4-yl)propylamine (26.2 g, 77.7 tnmol), 5% platinum

25 on carbon (5.2 g), toluene (600 mL) and 2-propanol (75 mL) were added to a Parr vessel.

The vessel was purged with nitrogen and then placed under hydrogen pressure (30 psi, 2.1

x 10
5
Pa) and shaken for 20 minutes. The reaction mixture was filtered through a layer of

CELITE filter aid, and the filter cake was washed sequentially with toluene (1 L) and 2-

propanol (1 L). The orange filtrate was concentrated under reduced pressure. Heptane

30 was added to the residue and subsequently removed under reduced pressure. The residue

was dried under vacuum (0.1 torr, 13.3 Pa) for 30 minutes to provide 24.3 g of 6-
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benzyloxy-iV^-propylqumolme-S^-diamine as a viscous, brown oil containing some

toluene.

PartE

A solution of ethoxyacetyl chloride (10.46 g, 85.4 mmol) in dichloromethane (65

mL) was added dropwise to a solution ofthe crude product from Part D in

dichloromethane (200 mL), and the reaction was stirred for 16 hours. A precipitate

formed. The solid was isolated by filtration; washed with cold hexanes; and dried for 30

minutes under reduced pressure to yield 25.4 g ofiV-(6-benzyloxy-4-propylaminoquinolin-

3-yl)~2-ethoxyacetamide hydrochloride as a tan powder.

PartF

Triethylamine (32.9 mL, 0.24 mol) was added to a solution ofA^-(6-benzyloxy-4-

propylaminoquinolin-3-yl)-2-ethoxyacetamide hydrochloride (25.4 g) in ethanol (250 mL),

and the reaction mixture was heated at reflux for 3 hours. The reaction mixture was

allowed to cool to ambient temperature. The ethanol was removed under reduced pressure

and the residue was dissolved in chloroform. The solution was washed sequentially with

water and brine; dried over magnesium sulfate; filtered; and concentrated under reduced

pressure. The resulting oil was dissolved in acetonitrile and concentrated under reduced

pressure to yield 22.3 g of 8-benzyloxy-2-ethoxymethyl-l -propyl-l#-imidazo[4,5-

c]quinoline as a brown, crystalline solid.

Part G

8-Benzyloxy-2-ethoxyniethyl-l-propyl-l//-imidazo[4,5-c]quinoline (2.0 g, 5.3

mmol) was dissolved in chloroform (20 mL). 3-Chloroperoxybenzoic acid (60% pure,

1.53 g, 5.3 mmol) was added in one portion and the mixture was stirred for 25 minutes.

Ammonium hydroxide (20 mL) was added and the biphasic mixture was stirred for 10

minutes. ^-Toluenesulfonyl chloride (1.0 g, 5.3 mmol) was added in one portion and the

reaction was stirred for an additional 1 hour. The layers were separated and the aqueous

fraction was extracted with dichloromethane. The organic fractions were combined and

washed successively with 5% aqueous sodium carbonate, water and saturated aqueous

sodium chloride. The organic fraction was dried over anhydrous sodium sulfate, filtered

and concentrated under reduced pressure. The residue was purified by flash column

chromatography. The purification was carried out eluting with chloroform:CMA in a
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gradient from 99:1 to 93:7 to provide a red-brown solid. The solid was recrystallized

from acetonitrile to yield LI g of 8-benzyloxy-2-ethoxymethyl-l-propyl-li7-imidazo[49
5-

c]quinolm-4-amine as red brown crystals, mp 152.5-154.0 °C.

lU NMR (300 MHz, DMSO-tfe) 6 7.60 (d, J— 9.1 Hz, 1H), 7.50-7.31 (m, 6H), 7.21 (dd, J

= 9.1, 2.7 Hz, 1H), 6.35 (s5 2H), 5.26 (s, 2H), 4.76 (s, 2H), 4.51-4.45 (m, 2H), 3.55 (q, J=

7.0 Hz, 2H), 1.88-1.76 (m, 2H), 1.16 (t, J= 7.0 Hz, 3H), 0.96 (d, J= 7.4 Hz, 3H);

13CNMR(75 MHz, DMSO-^) S 152.8, 150.6, 149.0, 140.1, 137.2, 132.7, 128.4, 127.7,

127.6, 127.4, 126.6, 1173, 114.6, 103.0, 69.6, 65.3, 64.2, 46.7, 23.2, 14.9, 10.7;

MS (ESI) m/z 391.2143 (391.2134 calcd for C23H26N4O2, M+H);

Anal. Calcd. for C23H26N402 : %C,'70.75; %H, 6.71; %N, 14.35. Found: %C, 70.49; %H,

6.87; %N, 14.28.

Example 151

7-Benzyloxy- 1 -[4-(1 , 1 -dioxoisothiazolidin-2-yl)butyl]-2-ethoxymethyl-

lif-imidazo[4,5-c]quinolin-4-amine

Part A

tert-BvAyl {4~[3-amino-7-(beiizyloxy)qumolin-4-ylamino]butyl}carbamate (28.1 g,

64.3 mmol) was dissolved in dichloromethane (319 mL). Ethoxyacetyl chloride (7.87 g,

64.5 mmol) was added dropwise via an addition funnel and the mixture was stirred for 1

hour. The dichloromethane was removed under reduced pressure and the resulting residue

was dissolved in a solution oftriethylamine (35.84 mL, 0.26 mol) and ethanol (319 mL).

The reaction was heated at reflux for 4 hours, and then allowed to cool overnight. The

solvent was evaporated under reduced pressure and the residue was dissolved in

dichloromethane. The organic fraction was washed sequentially with water and saturated
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aqueous sodium chloride; dried over anhydrous sodium sulfate; filtered; and concentrated

under reduced pressure. The oily residue was dissolved in acetonitrile. The acetonitrile

was subsequently removed under reduced pressure to provide 30 g of te/t-butyl [4-(7~

benzyloxy-2 -ethoxymethyl- 1i7-imidazo[4,5-c]quinolin- 1 -yl)butyl]carbamate as a brown

5 solid.

PartB

tert-Butyl [4-(7-benzyloxy-2-ethoxymethyl-7i7-imidazo[4?5-c]quinolin- 1 -

yl)butyl]carbamate (21.0 g) was dissolved in ethanol (100 mL) and concentrated

hydrochloric acid (13.0 mL). The reaction was heated at reflux for 1 hour and then cooled

10 to ambient temperature. A tan precipitate formed. The solid was filtered and dried under

vacuum for 16 hours to yield 12.1 g of 4-(7-benzyloxy-2-ethoxymethyl-li7-imidazo[43
5-

c]quinolin-l-yl)butylamine dihydrochloride as a beige solid.

The solid was dissolved in a solution of dichloromethane (168 mL) and

triethylamine (14.0 mL, 0.1 mol). 3-Chloropropanesulfonyl chloride (4.58 mL, 37.5

15 mmol) was added dropwise to the solution and the reaction was stirred for an additional

1 .5 hours. The reaction mixture was treated with 5% aqueous sodium carbonate and the

fractions were separated. The organic fraction was sequentially washed with water and

saturated aqueous sodium chloride; dried over anhydrous sodium sulfate; filtered; and

concentrated under reduced pressure to yield an oil.

20 The oil was dissolved in DMF. l,8-Diazabicyclo[5.4.0]undec-7-ene, DBU, (5.70

mL, 38.0 mmol) was added and the reaction was stirred for 44 hours. The solvent was

removed under reduced pressure. The residue was dissolved in dichloromethane and

washed with water (3X). The organic fraction was dried over anhydrous sodium sulfate,

filtered and concentrated under reduced pressure to yield 13.1 g of 7-henzyloxy-l -[4-(l, 1 -

25 dioxoisothiazolidin-2-yl)butyl]-2-ethoxymethyl- l#-imidazo[4 ?5-e]quinoline as a viscous

brown oil.

PartC

7-Benzyloxy-l -[4-(l ,1 -dioxoisothiazolidin-2-yl)butyl]-2-ethoxymethyl- IH-

imidazo[4,5-c]quinoline (2.83 g) was dissolved in chloroform (30 mL). 3-

30 Chloroperoxybenzoic acid (60% pure, 2.21 g, 7.7 mmol) was added in one portion and the

mixture was stirred for 1 hour. Ammonium hydroxide (30 mL) was added and the
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triphasic mixture was stirred for 20 minutes. j9~Toluenesulfonyl chloride (1.07 g, 5.6

mmol) was added in one portion and the reaction was stirred for 16 hours. A white

precipitate formed. The mixture was diluted with dichloromethane (solid remains in the

organic fraction) and the layers were separated. The organic fraction was washed with 5%

5 aqueous sodium bicarbonate (solid moves to the aqueous fraction). The layers were

separated, followed by filtration of the solid from the aqueous fraction. The solid was

sequentially washed with water and diethyl ether; slurried in acetonitrile; filtered; and

dried to yield 1.5 g of 7-benzyloxy- 1 -[4-(l , 1 -dioxoisothiazolidin-2-yl)butyl]-2-

ethoxymethyl- 177-imidazo [4,5-c]quinolin-4-amine as an off-white solid, mp 225-227 °C.

10 *H NMR (300 MHz, DMSO-Gfc) 8 7.95 (d, J= 9.0 Hz, 1H), 7.51-7.48 (m, 2H), 7.43-7.30

(m, 3H), 7.14 (d, J= 2.6 Hz, 1H), 6.99 (dd, J= 9.0, 2.6 Hz, 1H), 6.54 (s, 2H), 5.21 (s, 2H),

i
4.74 (s, 2H), 4.55-4.50 (m, 2H), 3.55 (q, J= 7.0 Hz, 2H), 3.18-3.13 (m, 4H), 2.93 (t, J =

6.7 Hz, 2H), 2.23-2.13 (m, 2H), 1.94-1.79 (m, 2H), 1.77-1.64 (m, 2H), 1.16 (t, J= 7.0 Hz,

3H);

15
13C NMR (75 MHz, DMSO-^) 8 157.3, 152.3, 148.0, 146.9, 137.2, 133.3, 128.4, 127.7,

127.5, 124.9, 121.4, 111.9, 108.8, 108.7, 69.1, 65.3, 64.1, 46.5, 46.1,44.9, 27.1, 24.3,

18.3, 14.9;

MS (ESI) m/z 524.2347 (524.2332 calcd for C27H33N5O4S, M+H);

Anal. Calcd. for C27H33N5O4S: %C, 61.93; %H, 6.35; %N, 13.37; %S, 6.12. Found: %C,

20 61.11; %H, 6.28; %N, 13.15; %S, 6.07.

Example 152

7-Benzyloxy-l-[(2,2-dimethyl-[l,3]dioxol^

imidazo[4,5-c]quinolin-4-amine)
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Part A

Triethylamine (31.88 mL, 228.77 mmol, 1.5 eq) was added to a solution of 7-

benzyloxy-4-chloro-3-nitroquinoline (48.00 g, 152.51 mmol, 1 eq) in dichloromethane

(400 mL). Dropwise addition of2
?
2-dimethyH ?

3-dioxolan-4-methanamine (20.0 g,

5 152.51 mmol, 1 eq) to the reaction mixture followed, which was then stirred at ambient

temperature for 6 hours. The crude reaction mixture was concentrated under reduced

pressure, and the resulting solid was triturated with water and then stirred for 1 hour. The

precipitate was collected by filtration, washed with water, dried, suspended in diethyl ether

(400 mL), sonicated, and the resulting precipitate material was collected by filtration. The

1 0 product was dried under vacuum at 40 °C for 12 hours to afford 60. 1 g of (7-benzyloxy-3-

ni1xo-quinolin4-yl)[(2,2-dimethyl[l
9
3]dioxolan-4-yl)methyl]amiiie as a yellow solid, mp

154-155 °C.
!H-NMR (300 MHz, CDC13) 5 9.74-9.62 (br m, 1H), 9.32 (s, 1H), 8.15(d, J -

9.4 Hz, 1H), 7.51-7.31 (m, 6H), 7.15(dd, J = 9.4, 2.7 Hz, 1H), 5.21(s, 2H), 4.48-4.37(m,

1H), 4.16-4.05(m, 2H), 4.04-3.93(m, 1H), 3.74(dd, J=8.5, 5.9 Hz, 1H), 1.54(s, 3H), 1.40(s,

15 3H); MS (APCI) m/z 410.1 (M+H)+ .

PartB

A solution of sodium dithionate (85% pure, 135.07 g, 659.42 mmol) and potassium

carbonate (101 .27 g, 732.73 mmol) in water (450 mL) was added dropwise to a

mechanically stirred mixture ofethyl viologen dibromide (1.1 g, 2.93 mmol) and (7-

20 benzyloxy-3-nitro-quinolin4-yl)[(2,2-dimethyl[l,3]dioxolan-4-yl)methyl]amine (60.0 g,

146.54 mmol) in dichloromethane (500 mL) and water (50 mL). The reaction mixture was

stirred at ambient temperature overnight and then diluted with water (600 mL) and stirred

for an additional 10 minutes. The organic phase was separated and the aqueous layer was

reextracted with dichloromethane (400 mL). The combined organic layers were washed

25 with water (800 mL) and brine (800 mL), dried over sodium sulfate, and concentrated

under reduced pressure to afford 55.60 g of 7-benzyloxy-iV4-[(2 ?
2-dimethyl[l,3]dioxolan-

4-yl)methyl]quinoline-3,4-diamine as a brown foam. ^-NMR (300 MHz, CDC13) 8

8.38(s, 1H), 7.83(d, J = 9.3 Hz, 1H), 7.51-7.28 (m, 6H), 7.18(dd, J - 9.2, 2.5 Hz, 1H),

5.16(s, 2H), 4.35(br s, 1H), 4.30-4.1 8(m, 1H), 4.02 (dd, J « 8.3, 6.5 Hz, 1H), 3.81 (br s,

30 2H), 3,68(dd, J=8.3, 6.1 Hz, 1H), 3.60-3.46(m, 1H), 3.40-3.25(m, 1H), L52(s, 3H), 1.37(s,

3H); MS (APCI) m/z 380.0 (M+H)+ .
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PartC

Triethylamine (25.53 mL, 183.17 mmol) was added to a solution of 7-benzyloxy-

A/
4
-[(2 ?2-dimethyl[13]dioxolan-4-yl)methyl]quinolm^^ (55.60 g, 146.54

mmol) in dichloromethane (500 mL) at 0 °C. Dropwise addition of ethoxyacetyl chloride

(22.45 g, 183.17 mmol) to the reaction mixture followed, and the reaction mixture was

allowed to stir for 4 hours at ambient temperature. The reaction mixture was concentrated

under reduced pressure and the residue was added to a mixture of triethylamine (61 .26 mL,

439.54 mmol) in ethanol (350 mL) and heated to reflux for 16 hours. The reaction mixture

was concentrated under reduced pressure, extracted with dichloromethane (3 x 300 mL),

washed with water (300 mL) and brine (300 mL) and dried over sodium sulfate. The crude

material was purified by flash column chromatography on silica gel (with a 95:5 mixture

ofchloroform:CMA) serving as eluent) and concentrated under reduced pressure to give

42.5 g of material as a brown solid. The material was recrystallized from diethyl ether to

afford 37.5 g of 7-benzyloxy-l-[(2,2-dimethyl[l,3]dioxolan-4-yl)methyl]-2-ethoxyme

l/f--iniidazo[4,5-c]quinoline as a white crystalline solid, mp 1 10-1 1 1 °C. ^-NMR (300

MHz, CDCI3) 5 9.23(s, 1H), 8.16(d, J = 9.2 Hz, 1H), 7.75(d, J = 2.7 Hz, 1H), 7.55-7.31

(m, 6H), 5.25(s, 2H), 5.00(d, J - 12.7 Hz, 1H), 4.93-4.75(m, 3H), 4.72-4.60(m, 1H), 4.18

(dd, J = 8.6, 6.2 Hz, 1H), 3.87(dd, J-8.7, 6.2 Hz, 1H), 3.63(q, J - 7.0 Hz, 2H), 1.45(s, 3H),

1.29(s, 3H), 1.25(t, J = 7.0 Hz, 3H);
13C-NMR (75 MHz, CDCI3) 5 157.8, 150.9, 146.9,

145.7, 136.5, 135.4, 134.9, 128.7, 128.2, 127.7, 121.2, 118.9, 112.4, 111.5, 110.3, 74.7,

70.2, 66.8, 66.4, 65.5, 48.4, 26.6, 25.1, 15.0; MS (APCI) m/z 448.1 (M+H)+ ; Anal, calcd

for C26H29N3O4: C, 69.78; H, 6.53; N, 9.39. Found: C, 69.82; H, 6.74; N, 9.34.

PartD

3-Chloroperoxybenozic acid (mCPBA) (75% pure, 1 1.57 g, 50.27 mmol, 1.5 eq)

was added to a solution of7-benzyloxy-l-[(2,2-dimethyl[l,3]dioxolan-4-yl)methyl]-2-

ethoxymethyl-li^imidazo[4,5-c]quinoline (15.00 g, 33.52 mmol, 1 eq) in

dichloromethane (200 mL), and the reaction mixture was stirred for two hours. Analysis

by thin layer chromatography indicated the reaction was incomplete and additional

mCPBA (1.2 g) was added and the reaction was stirred overnight. The reaction mixture

was diluted with dichloromethane (300 mL), washed sequentially with 4% aqueous

sodium carbonate solution (2 x 300 mL) and brine (300 mL), and concentrated under
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reduced pressure to afford a residue. Concentrated ammonium hydroxide (75 mL) was

then added to a mixture of the residue in dichloromethane (200 mL) and cooled to 4 °C. p-

Toluenesulfonyl chloride (2.75 g, 14.44 mmol, 1.1 eq) was added in portions to the

reaction mixture and stirred at ambient temperature for 16 hours. The reaction mixture

was then diluted with dichloromethane (200 mL), washed with 4M aqueous sodium

carbonate solution and separated. The aqueous layer was re-extracted with

dichloromethane (200 mL) and the combined organic layers were washed with brine, dried

over sodium sulfate, filtered and concentrated under reduced pressure to afford a brown

solid. The crude material was purified by crystallization from diethyl ether to provide 9.8

g of7-benzyloxy-l-[(2
?
2-dimethyl[l^^

imidazo[4,5-c]quinolin-4-ylamine as white plates of solid, mp 186-187 °C. *H-NMR (300

MHz, CDC13) 5 7.89(d, J = 9.1 Hz, 1H), 7.53-7.29(m, 6H), 7.05(dd, J = 9.0, 2.6 Hz, 1H),

5.42(br s, 2H), 5.18(s, 2H), 4.94(d, J = 12.6 Hz, 1H), 4.83-4.69(m, 3H), 4.68-4.58(m, 1H),

4.15 (dd, J = 8.6, 6.2 Hz, 1H), 3.86(dd, J=8.6, 6.1 Hz, 1H), 3.62(q, J = 7.0 Hz, 2H), 1.45(s,

3H), 1.29(s, 3H), L25(t, J - 7.0 Hz, 3H);
13C-NMR (75 MHz, CDCI3) 5 158.3, 151.7,

149.0, 147.1, 136.8, 134.7, 128.6, 128.0, 127.6, 125.4, 120.9, 113.8, 110.2, 109.7, 108.9,

74.6, 70.0, 66.7, 66.3, 65.3, 48.2, 26.7, 25.1, 15.0; MS (APCI) m/z 463.1 (M+H)
+

; Anal,

calcd for C26H30N4O4: C, 67.51; H, 6.54; N, 12.11. Found: C, 67.29; H, 6.33; N, 12.03.

Example 153

4-Amino-l -[(2 3
2-dimethyl[ 1 ,3]dioxolan-4-yl)methyl]-2-ethoxymethyl-

l#-imidazo[4,5-c]quinolin-7-ol

Palladium hydroxide (Pearlman's catalyst) (20 % palladium w/w on carbon, 900

mg) was added to a solution of 7-benzyloxy-l-[(2,2-dimethyl[l,3]dioxolan-4-yl)methyl]-2-

ethoxyinethyl-liJ-imidazo[4,5-c]quinolin-4-ylaniine (9.00 g, 19.46 mmol, 1 eq), prepared

as described in Example 152, in acetonitrile (300 mL) and methanol (300 mL) in a sealed

O
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vessel and the reaction mixture was placed under hydrogen pressure (30 psi, 2.1 x 10
5
Pa)

for 24 hours. The crude reaction mixture was filtered through a layer ofCELITE filter aid

and the filtrate was concentrated under reduced pressure and triturated with acetonitrile.

The resulting crystalline material was collected by filtration and washed with acetonitrile

5 to afford 3.66 of4-anmo-l-[(2£

imidazo[4,5-c]quinolin-7-ol as an off-white solid. Additional product (0.36 g) was

isolated from the filtrate of the initial trituration by concentration under reduced pressure,

trituration with acetonitrile, and filtration for a total yield of4.02 g of 4-amino-l-[(2,2-

dimethyl[l,3]dioxolan-4-yl)methy

10 isolated as an off-white solid, mp 240-242 °C.
!H-NMR (300 MHz, DMSO) 5 9.51(br s,

1H), 7.96(d, J = 8.9 Hz, 1H), 6.95(d, J = 2.5 Hz, 1H), 6.76(dd, J - 8.9, 2.6 Hz, 1H),

6.46(br s, 2H), 4.92-4.60(m, 4H), 4.57-4.45(m, 1H), 4.18 (dd, J = 8.6, 6.4 Hz, 1H),

3.83(dd, J-8.6, 6.5 Hz, 1H), 3.54(q, J = 7.0 Hz, 2H), 1.34(s, 3H), 1.1 9(s, 3H), 1.15(t, J -

7.0 Hz, 3H);
13C-NMR(75 MHz, DMSO) 5 156.41, 152.0, 148.1, 147.2, 133.9, 124.4,

15 121.7, 111.7, 109.7, 109.0, 107.9, 74.4, 66.0, 65.2, 64.3, 47.6, 26.2, 24.9, 14.8; MS (APCI)

m/z 373.0 (M+H)+; Anal, calcd for C19H24N4O4: C, 61.28; H, 6.50; N, 15.04. Found: C,

61.12; H, 6.53; N, 14.98.

Examples 155-173

20 An alkylating reagent (0.125 mmol, 1.0 eq) from the table below was added to a

test tube containing 4-amino-l-[(2,2-dimethyl[l,3]dioxolan-4-yl)methyl]-2-ethoxymethyl-

l/f-imidazo[4,5-c]quinolin-7-ol (73 mg, 0.2 mmol, 1.6 eq) and potassium carbonate (55

mg, 2 eq) in DMF (1 mL). The test tubes were capped and shaken overnight at ambient

temperature. Each reaction mixture was then filtered and one drop ofwater was added to

25 each mixture. Each mixture was then diluted with methanol (5 mL) and half of each

solution was removed for use in Examples 174 - 181 below. The remaining solution from

each reaction was concentrated by vacuum centrifiigation. The compounds were purified

by prep HPLC using a Waters Fraction Lynx automated purification system. The prep

HPLC fractions were analyzed using a Micromass LC/TOF-MS, and the appropriate

30 fractions were centrifuge evaporated to provide the trifluoroacetate salt ofthe desired

compound. Column: ZORBAX BonusRP, 21.2 x 50 millimeters (mm), 5 micron particle
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size; non-linear gradient elution from 5-95% B where A is 0.05% trifluoroacetic

acid/water and B is 0.05% trifluoroacetic acid/acetonitrile; fraction collection by mass-

selective triggering. The table below shows the reagent added to each test tube, the

structure of the resulting compound, and the observed accurate mass for the isolated

5 trifluoroacetate salt.

NH
2

Example Reagent R
Measured

Mass
(M+H)

155 a-Bromo-/?-xylene

H3C^^
477.2498

156 4-Cyanobeixzyl bromide

N

488.2280

157 1-(Bromoethyl)benzene 477.2498

158 2-Cyanobenzyl bromide < 488.2310

159 a-Bromo-m-tolunitrile

N

488.2286

160 3-Methoxybenzyl bromide

H3C°

493.2431
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161 3-Chlorobenzyl bromide

CI

497.1946

162 2,3-Difluorobenzyl bromide

T h

F

499.2141

163 2,4-Difluorobenzyl bromide 499.2134

164 2,6-Difluorobenzyl bromide 499.2162

165
Methyl 4-

(bromomethyl)benzoate orO
J

H,C°

521.2410

166
Methyl 3-

(bromomethyl)benzoate

I

Cl-L

521.2430

167
4-(Trifluoromethyl)benzyl

bromide ..jy
1

531.2231

168
2-(Trifluoromethyl)benzyl

bromide
531.2203
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169
3-(Trifluoromethyl)benzyl

bromide
x
F
7 531.2192

170 2,6-Dichlorobenzyl bromide

c
i

531.1617

171
3-(Trifluoromethoxy)benzyl

bromide

J

547.2119

172
4-(Trifluoromethoxy)benzyl

bromide o"

F^l

o
F

j
547.2134

173
4-

(Bromomethyl)benzophenone
O 567.2596

Examples 174-191

The ketals ofExamples 154-173 were hydrolyzed. IN Aqueous hydrochloric acid

(0.50 mL) and THF (0.50 mL) were added to each test tube containing a solution from

5 Examples 154-173. The test tubes were capped and shaken for 56 hours at ambient

temperature. Each reaction mixture was then concentrated by vacuum centrifugation. The

compounds were purified by prep HPLC using a Waters Fraction Lynx automated

purification system. The prep HPLC fractions were analyzed using a Micromass LC/TOF-

MS, and the appropriate fractions were centrifuge evaporated to provide the

10 trifluoroacetate salt ofthe desired compound. Column: ZORBAX BonusRP, 21 .2 x 50

millimeters (mm), 5 micron particle size; non-linear gradient elution from 5-95% B where

A is 0.05% trifluoroacetic acid/water and B is 0.05% trifluoroacetic acid/acetonitrile;
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fraction collection by mass-selective triggering. The table below shows the alkylating

reagent used to prepare the ketal starting material, the structure of the resulting compound,

and the observed accurate mass for the isolated trifluoroacetate salt.

NH2

N
\ OH

R

Example Reagent R Measured

Mass (M+H)

174 Benzyl bromide

1a1

423.2039

175 a-Bromo-/7-xylcne 437.2176

176 4-Cyanobenzyl bromide

N

448.1973

177 a-Bromo-m-nitrile

III

N

448.1969

178 3-Methoxybenzyl bromide

H3C°

453.2149

179 4-Chlorobenzyl bromide 457.1664
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180 3-Chlorobenzyl bromide c 457.1636

181 2,3-Difluorobenzyl bromide QI

F

r

459.1832

182 2,4-Difluorobenzyl bromide Xr iF

459.1819

183 3,4-Difluorobenzyl bromide

F

459.1840

184
Methyl 4-

(bromomethyl)benzoate

H3C°

481.2097

185
2-(Trifluoromethyl)benzyl

bromide O 491.1869

186
3-(Trifluoromethyl)benzyl

bromide

F^F

491.1912

187 2,6-Dichlorobenzyl bromide

C)

6 491.1268

188 3,4-Dichlorobenzyl bromide

c

r
1

i

491.1273
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189
3-(Trifluoromethoxy)benzyl

bromide

1

507.1851

190
4-(Trifluoromethoxy)benzyl

bromide

F^F

507.1827

191
4-

(Bromomethyl)benzophenone
527.2290

Examples 192-225

Part A
5 Triethylamine (58.9 niL, 422.4 mmol, 1 .5 eq) and tot-butyl JV-(2-aminoethyl)

carbamate (54.1 g? 337.9 mmol, 1.2 eq) were added sequentially to a solution of 7-

benzyloxy-4-chloro-3-nitroquinoline (88.63 g, 281.6 mmol) in DMF (800 mL) and stirred

for 4 hours at ambient temperature., The crude reaction mixture was poured into hot water

with continuous stirring to afford bright a yellow precipitate. The yellow solid was filtered

10 and dried under reduced pressure at 65 °C to afford 123.65 g of tot-butyl 2-[(7~benzyloxy-

3-nitroquinolin-4-yl)amino]ethylcarbamate.

PartB

tot-Butyl 2-[(7-benzyloxy-3-nitroquinolin-4-yl)amino]ethylcarbamate (40.0 g,

91 .22 mmol) was dissolved in ethyl acetate (550 mL) and transferred to a Parr

15 hydrogenation vessel charged with 5% platinum on carbon (10.68 g, 54.73 mmol, 0.03 eq).

The vessel was purged with nitrogen gas and placed under hydrogen pressure (30 psi 5 2.07

x 10
5
Pa) overnight. The catalyst was removed by filtration through a layer ofCELITE

filter aid and the filter cake was rinsed with methanol and dichloromethane. The filtrate
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was concentrated under reduced pressure to provide 35.25 g tert-butyl 2-[(3-amino-7-

benzyloxyquinolin-4-yl)aniino]ethylcarbamate.

PartC

Triethylamine (24.0 mL, 172.58 mmol) was added to a solution of tert-butyl 2-[(3-

5 amino-7-benzyloxyquinolin-4-yl)amino]ethylcarbamate (35.25 g, 86.29 mmol) in

dichloromethane (400 mL) and stirred at ambient temperature. Chloroacetyl chloride (6.87

mL
? 86.29 mmol) was quickly added at ambient temperature to avoid splashing and was

stirred for 10 minutes. The reaction mixture was concentrated under reduced pressure,

dissolved in ethanol (500 mL), and stirred for 2 days at ambient temperature. The mixture

10 was concentrated under reduced pressure and the residue was recrystallized from

dichloromethane to afford 6.23 g of tert-butyl 2-(7-benzyloxy-2-chloromethyl-liJ-

imidazo[4,5-c]quinolin- 1-yl)ethylcarbamate.

PartD

3-Chloroperoxybenozic acid (mCPBA) (77% pure, 3.53 g, 15.76 mmol, 1.2 eq)

15 was added to a solution of tert-butyl 2-(7-benzyloxy-2-chloromethyl-l//-imidazo[4,5-

c]quinolin-l-yl)ethylcarbamate (6.13 g, 13.13 mmol, 1 eq) in chloroform (60 mL), and the

reaction mixture was stirred for one hour. Ammonium hydroxide (25 mL, excess eq) was

then added to the reaction mixture, which was stirred for 5 minutes. j^-Toluenesulfonyl

chloride (2.75 g, 14.44 mmol, 1.1 eq) was added and the reaction mixture was stirred

20 overnight. Analysis by liquid chromatography mass spectrometry indicated the reaction

was incomplete.

The crude product was diluted with chloroform and water and the phases were

separated. The aqueous layer was extracted with additional chloroform and the combined

organic layers were concentrated under reduced pressure. Chromatographic purification

25 on a HORIZON HPFC system afforded a residue, which was dissolved in methanol (60

mL) and saturated with ammonia by bubbling ammonia gas throughout the reaction

mixture for 30 minutes. The reaction mixture was then stirred overnight at ambient

temperature: The crude product was concentrated under reduced pressure and purified by

column chromatography to yield 2.32 g of tert-butyl 2-(4-amino-2-aminomethyl-7-

30 benzyloxy-li/-imidazo[4,5-c]quinolin-l-yl)ethylcarbamate.
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PartE

Methyl isocyanate (322.9 mg? 5.66 mmol, 1.1 eq) was added to a solution of of

tert-butyl 2-(4-amino-2-aminomet^ -

yl)ethylcarbamate (2.38 g?
5.14 mmol, 1 eq) in DMF and stirred at ambient temperature for

5 2 days. The crude reaction mixture was concentrated under reduced pressure and purified

by flash column chromatography (on silica gel, 0-6% methanol in dichloromethane) and

concentrated under reduced pressure to yield 2.73 g of tert-butyl 2-{4-amino-7-benzyloxy-

2-[(3-methylureido)methyl]-l#-imidazo[4 35-c]quinolin- 1 -yl} ethylcarbamate.

PartF

10 ter/-Butyl 2-{4-amino-7-benzyloxy-2-[(3-methyliireido)methyl]-li7-imidazo[4?
5~

c]quinolin-l-yl} ethylcarbamate (2.73 g, 5.25 mmol, 1 eq) was dissolved in

dichloromethane (100 mL). 4N Hydrochloric acid in 1 ,4-dioxane (100 mL) was added to

the reaction mixture and stirred for 30 minutes. The reaction mixture was concentrated

under reduced pressure and the residue was dissolved in methanol. The solution was then

15 poured into diethyl ether (300 mL) to produce a precipitate. The precipitate was isolated

by filtration to yield 2.63 g of the hydrochloride salt of 1 - {[4-amino-l -(2-aminoethyl)-7-

benzyloxy-l/f4midazo[4,5-c]quinolin-2-yl]methyl}-3-methylurea.

PartG

A reagent (0.14 mmol, 1.1 eq) from the table below was added to a test tube

20 containing 1 - {[4-amino- 1-(2-aminoethyl)-7-benzyloxy-li?-imidazo[4 55-c]quinolin-2-

yljmethyl} -3-methylurea (54 mg, 0.13 mmol, 1.0 eq) and triethylamine (0.080 mL, 6.0 eq)

in chloroform (1 mL). The test tubes were capped and shaken overnight at ambient

temperature. Two drops ofwater were added to each reaction mixture and then the

mixture was concentrated by vacuum centrifugation. The compounds were purified by

25 prep HPLC using a Waters Fraction Lynx automated purification system. The prep HPLC

fractions were analyzed using a Micromass LC/TOF-MS, and the appropriate fractions

were centrifuge evaporated to provide the trifluoroacetate salt ofthe desired compound.

Column: ZORBAX BonusRP, 21.2 x 50 millimeters (ram), 5 micron particle size; non-

linear gradient elution from 5-95% B where A is 0.05% trifluoroacetic acid/water and B is

30 0.05% trifluoroacetic acid/acetonitrile; fraction collection by mass-selective triggering.
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The table below shows the reagent added to each test tube, the structure of the resulting

compound, and the observed accurate mass for the isolated trifluoroacetate salt.

O

&
.J

N̂-R
H

Example Reagent R
Measured

Mass
(M+H)

192 T*rrvn i"onvl fVhlrvrirfpJL x\JlJx\JlLy Ji \yXl±KJX. IViw

o
476 242*3

193
chloride

488.2415

194 Butryl chloride

CH
3

490.2578

195 Methoxyacetyl chloride

CH
3

492.2379

196
Cyclobutanecarbonyl

chloride O 502.2534

197 3-Furoyl chloride 514.2200

198 Benzoyl chloride 524.2427
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199
Thiophene-2-carbonyl

chloride a 530.1956

200 Hydrocinnamoyl chloride 552.2740

201
3-Methoxybenzoyl

chloride

CH3

554.2499

202
Nicotinoyl chloride

hydrochloride
525.2355

3-Dimethylaminobenzoyl

chloride

CH3

Do7.2a50

204 Methanesulfonyl chloride 498.1945

i^LllcUJLCoUllUliyi L/H1DX1U.C

9.p
-s

^CH
3

CIO O^IC

206
Dimethylsulfamoyl

chloride

9 jo

\

u ^N-CH3H3C
3

527.2189

207 1-Butanesulfonyl chloride

Q o

^CH3

540.2397

208
Trifluoromethanesulfonyl

chloride

F
|

552.1658
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209 Benzenesulfonyl chloride 560.2106

210
2-Thiophenesulfonyl

chloride
566.1672

211
3-Methylbenzenesulfonyl

chloride

H3C

574.2250

212
a-Toluenesulfonyl

chloride

•1°

V V

574.2256

213
2-Fluorobenzenesulfonyl

chloride
578.2001

214
3-Fluorobenzenesulfonyl

chloride

F

578.2015

91 ^ lvxvuiy x ibDuydiid-LC
N-CH
H

216 Ethyl isocyanate N—

.

491.2544

217 Isopropyl isocyanate ]wCHs 505.2675

218 Isopropyl isothiocyanate M CH3

H^CHS

521.2446
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219
Cyclopropylmethyl

isothiocvanate
533.2486

220 Phenyl isocyaaate 539.2513

221 Cyclohexyl isocyanate 545.2973

222 m-Tolyl isocyaaate

CH3

553.2718

223 —' x y x. jlu. y ± idvuiiuvy iuicik

v

^^fi Old.
1

*

224
A^A/"-Dimethylcarbamoyl

chloride
K 1

H3C
3

491.2545

225

JV-Methyl-iV-

phenylthiocarbamoyl

chloride So 569.2408

Example 226

Af-{2-[4-Amino-7-(benzyto^

dimethylethyl}methanesulfonamide

mCPBA (11.2 g, 39.2 mmol) was added to a solution ofA^-[2-(7-benzyloxy-2-

ethoxymethyl- l^-imidazo[4,5-c]quinolin- 1 -yl> 1 , 1 -dimethylethyl]methanesulfonamide
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(prepared as described in Parts A-D ofExample 52, 17.2 g, 35.6 mmol) in

dichloromethane (350 mL). The solution was stirred overnight and additional mCPBA
(approximately 1-2 g) was added. After 20 minutes, concentrated ammonium hydroxide

(150 mL) was added. The mixture was stirred for 10 minutes andjo-toluenesulfonyl

chloride (8.20 g, 42.8 mmol) was added in portions. The mixture was stirred at ambient

temperature for 2 days, then was filtered. A white solid was obtained, which was slunied

in water, filtered, and dried to yield 1 1.7 g ofN-{2-[4-amino-7-(benzyloxy)-2-

(ethoxymethyl)- l#4midazo[4,5-c]quinolin- 1 -yl]-l , 1 -dimethylethyl}methanesulfonamide.

A small sample, 500 mg, was purified to yield 300 mg of analytically pure 7V-{2-[4-amino-

7-(benzyloxy)-2-(ethoxymethyl)-l#-imidazo[4,5-c]quinolin- 1 -yl]-l , 1 -

dimethylethyl}methanesulfonamide as a white solid, mp 264-266 °C.

MS (APCI) m/z 498 (M + H)+
;

Anal, calcd for C25H31N5O4S: C, 60.34; H, 6.28; N, 14.07. Found: C, 60.10; H, 6.34; N,

13.98.

Example 227

i\T-{2-[4-Amino-2-(ethoxymethylH

yl] - 1 , 1 -dimethylethyl}methanesulfonamide

Part A

Propargyl bromide (1.30 g, 9.19 mmol) was added to a mixture ofA^-[2-(4-amino-

2-ethoxymethyl-7-hydroxy- lif-imidazo[4,5-c]quinolin- 1 -yl)- 1,1-

dimethylethyl]methanesulfonamide (2.5 g5 6.13 mmol) and cesium carbonate (5.00 g, 12.3

mmol) in DMF. The mixture was stirred overnight and then was poured into water (600

mL). The mixture was stirred overnight and a gummy solid was isolated by filtration. The

solid was dissolved in dichloromethane and the resulting solution was dried over

magnesium sulfate, filtered, and concentrated under reduced pressure. The crude product
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was purified by flash chromatography (silica gel, gradient elution with 0-30% of a 1:5

methanol/dichloromethane solution in dichloromethane) to provide 675 mg ofW-{2-[4-

amino-2-(ethoxymethyl)-7-(pro^ 1 -yl]- 1,1-

dimethylethyl}methanesulfonamide as an off-white solid. A small portion was

5 recrystallized from methanol to yield an off-white solid, mp 175.0-176.0 °C.

MS (APCI) m/z 446 (M + H)
+

;

Anal, calcd for CaiBbvNsCUS'EbO: C, 54.41; H, 6.31; N, 15.11. Found: C, 54.67; H, 6.57;

N, 14.80.

PartB

10 iV-{2-[4-Amino-2-(ethoxym^

l-yl]-l 3
l-dimethylethyl}methanesulfonamide (600 mg, 1.34 mmol), 2-iodothiophene (565

mg, 2.69 nimol), triethylamine (0.50 mL, 3.5 mmol),

dichlorobis(triphenylphosphine)palladium(II) (19 mg, 0.03 mmol), copper(I) iodide (10

mg, 0.05 mmol), and DMF (10 mL) were combined and heated at 60 °C overnight. After

15 cooling to ambient temperature, the reaction was poured into water (200 mL) and a fine

precipitate formed. After the mixture was stirred for 1 hour, the solid was isolated by

filtration. The solid was dissolved in dichloromethane and methanol and was passed

through a plug of silica gel, which was rinsed with 20% methanol in dichloromethane.

The filtrate was concentrated under reduced pressure to yield approximately 900 mg ofN-

20 (2-{4-amino-2-(ethoxymeth^

c]quinolin-l-yl}-l,l-dimethylethyl)methanesulfonamide as a dark brown semi-solid that

was used without further purification in the next step.

PartC

The material from Part B (approximately 1.34 mmol) was dissolved in 1:1

25 ethanol/methanol and 10% palladium on carbon (150 mg) was added. The mixture was

hydrogenated on a Parr apparatus overnight at 50 psi (3.4 x 10
5
Pa). Additional 10%

palladium on carbon (100 mg) was added carefully, and the mixture was hydrogenated an

additional 4 hours. The mixture was filtered through CELITE filter agent and the filtrate

was concentrated. The crude product was purified by chromatography on silica gel

30 multiple times with different solvent systems (methanol/dichloromethane or

CMA/chloroform) and was recrystallized multiple times from acetonitrile and butyl acetate

-247-



WO 2005/020999 PCT/US2004/028021

to provide 90 mg ofAr-{2-[4-amino-2-(ethoxymethyl)-7-(34hien-2-ylpropoxy)-l^

imidazo[4,5-c]quinolin-l-yl]-l,l-dm as a white solid that

contained some minor impurities, mp. 202.0-203.0 °C.

MS (APCI) m/z 532 (M + H)
+

;

Anal, calcd for C25H33N5O4S2: C, 56.48; H, 6.26; N, 13.17. Found: C, 56.41; H, 6.46; N,

13.28.

Examples 228-235

Part A
Ammonium hydroxide (1 L) was added to a solution ofmethyl tetrahydro~2i7-

pyran-4-carboxylate (20 mL, 150 mmol) in methanol (500 mL), and the reaction was

stirred overnight at ambient temperature. Additional ammonium hydroxide (500 mL) was

added, and the reaction was stirred for four additional days. The methanol was removed

under reduced pressure. Solid sodium chloride was added to the aqueous layer, which was

extracted with chloroform (3 x 150 mL). The combined extracts were dried over sodium

sulfate, filtered, and concentrated under reduced pressure to provide 1 1.4 g of tetrahydro-

2i7-pyran-4-carboxamide as a white solid.

PartB

A solution oftetrahydro-2//-pyran-4-carboxamide (11.4 g, 88.3 mmol) in THF

(441 mL) was cooled to 0 °C. Lithium aluminum hydride (10.0 g, 265 mmol) was added

in six portions over a period of ten minutes. The reaction flask was purged with nitrogen

between the additions. When the reaction mixture was no longer bubbling, it was heated

at reflux for six hours. The reaction was then cooled to 0 °C, and ethyl acetate was added

dropwise until bubbling ceased. Methanol was then added dropwise until bubbling ceased.

Water (10 mL), 15% aqueous sodium hydroxide (10 mL), and water (30 mL) were

sequentially added. The organic fraction was decanted off, and the remaining gray solid

was washed with chloroform. The combined organic fractions were dried over sodium

sulfate, filtered, and concentrated under reduced pressure to provide tetrahydro-2#-pyran-

4-ylmethylamine.
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PartC

The method described in Part E ofExample 1 can be used to treat 7-benzyloxy-4-

chloro-3-nitroquinoline with tetrahydro-277-pyran-4-ylmethylamine to provide (7-

benzyloxy-3-nitroquinoli^ The same

method can be used to treat 6-benzyloxy-4-chloro-3-nitroquinoline with tetrahydro-2i7-

pyran~4-ylmethylamine to provide (6-benzyloxy-3-nitroquinolin~4-yl)(tetrahydro-2i7-

pyran-4-ylmethyl)amine.

PartD

The method described in Part F ofExample 1 can be used to reduce (7-benzyloxy-

3-nitroquinolin-4-yl)(tetrahydro-2i7-pyran-4-ylmethyl)amine or (6-benzyloxy-3-

ni1roquinolin-4~yl)(tetrahydro-2//-pyran-4-ylmethyl)amine to 7-benzyloxy-A^-(tetrahydro-

2iy-pyran-4-ylmethyl)quinoline-3,4-diamine or 6-benzyloxy-A^-(tetrahydro-2/?-pyran-4-

ylmethyl)quinoline-3,4-diamine, respectively.

PartE

For Examples 228 and 230, 7-bem:yloxy-A^-(tetrahydro-2//-pyran-4-

ylmethyl)quinoline-3,4-diamine (Example 228) or 6-benzyloxy-7/-(tetrahydro-2i7-pyran-

4-ylmethyl)quinoline-3,4-diamine (Example 230) can be treated with ethoxyacetyl chloride

according to the method described in Part C ofExample 50 to provide 7-benzyloxy-2-

ethoxymethyl-l-(tetrahy (Example

228) or S-benzyloxy-2-ethoxymethyl- 1 -(tetrahydio-277-pyran-4-ylmethyl)-liWmidazo[4,5-

c]quinoline (Example 230).

For examples 229 and 231, 7-benzyloxy-A/4-(tetrahydro-277-pyran-4-

ylmethyl)quinoline-3,4-diamine (Example 229) or e-benzyloxy-A^-Oetrahydro^iy-pyran-

4-ylmethyl)quinoline-3,4-diamine (Example 231) can be treated with triethyl

orthopropionate according to the general method described in Part G ofExample 1 to

provide 7-benzyloxy-2-ethyl-l-(tetrah^

c]quinoline (Example 229) or 8-ben2yloxy-2-ethyl-l-(tetrahydro-2i/-pyran~4-ylmethyl)-

l/Z-imidazo[4,5-c]quinoline (Example 231).

PartF

The methods described in Parts H and I ofExample 1 can be used to oxidize and

aminate the products from Part E to provide the compounds shown in the table below.
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The table indicates the product from Part E that can be used as the starting material for

each example as well as the structure of the product.

Examples 228-231

NH2

Example Product from Part E Benzyloxy

position

R

228 7-benzyloxy-2-ethoxymethyl- 1 -

(tetrahydropyran-4-ylmethyl)- 1 77-imidazo[4?
5-

e]quinoline

7-benzyloxy -CH2OCH2CH3

229 7-benzyloxy-2-ethyl- 1 -(tetrahydropyran-4-

ylmethyl)-li7-imidazo [4,5-c]quinoline

7-benzyloxy -CH2CH3

230 8-benzyloxy-2-ethoxymethyl- 1 -

(tetrahydropyran-4-ylmethyl)-l Jf/-imidazo[45
5-

c]quinoline

8-benzyloxy -CH2OCH2CH3

231 8-benzyloxy-2-ethyl- 1 -(tetrahydropyran-4-

ylmethyl)-l//-imidazo[4,5-c]quinoline

8-benzyloxy -CH2CH3

5

PartG

The method described in Example 5 can be used to reduce Examples 228 to 23 1 to

provide the compounds shown in the following table.
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Examples 232-235

NH
2

fl 1

N
V-R/ K
N
\ /—

.

HO ——S

Example starting iviaieriai JxyLUUAy jJUolliUII.

232 228 7-hydroxy -CH2OCH2CH3

233 229 7-hydroxy -CH2CH3

234 230 8-hydroxy -CH2OCH2CH3

235 231 8-hydroxy -CH2CH3

Exemplary Compounds

5 Certain exemplary compounds, including some ofthose described above in the

Examples, have the following Formula (IV) or (V) and the following Ri, R2 , and

R3 substituents, wherein each line of the table is matched with each ofFormula IV or

Formula V to represent a specific embodiment ofthe invention.

NFL

10

V" '2

N

V-R2
N

1

R3

IV V

Ri R2 Rs

2-hydroxy-2-niethylpropyl ethyl hydroxy

2-hydroxy-2-methylpropyl ethyl pyridin-3-ylmethoxy

2-hydroxy-2-methylpropyl ethyl (4-chlorobenzyl)oxy

2-hydroxy-2-methylpropyl ethyl (4-fluorobenzyl)oxy

2-hydroxy-2-methylpropyl ethyl 3-pyridin-3-ylpropoxy

2-hydroxy-2-methylpropyl propyl hydroxy

2-hydroxy-2-methylpropyl propyl pyridin-3-ylmethoxy

2-hydroxy-2-methylpropyl propyl (4-chlorobenzyl)oxy
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z-ny<iroxy-z-meinyipropyi propyl / /1 rill At*Anottr7t rl l/\-t^Tr-iiuorodenzyi)oxy

z~nyuroxy-z-meinyipropy1 propyl j-pjaiQin-j-yipropoxy

z-nyuroxy-z-meinyiptopyi methoxymethyl hydroxy

z-nyaroxy-z-metnyipropyi methoxymethyl p3^ndiri-3-ylmethoxy

z-nyaroxy-z-meinyipropyi methoxymethyl (4-cnioroDenzyijoxy

2-hydroxy-2-methylpropyl methoxymethyl (4-fluorobenzyl)oxy

z-nyaroxy-z-metnyipropyi methoxymethyl 3-pyridiii-3-ylpropoxy

z-nyaroxy-z-metnyipropyi ethoxymethyl pyridin-3-ylmethoxy

2-hydroxy-2-methylpropyl ethoxymethyl (4-chlorobenzyi)oxy
z-nyaroxy-z-metnyipropyi ethoxymethyl (4-fluorobenzyl)oxy

2-hydroxy-2-methylpropyl ethoxymethyl 3-pyridin-3-ylpropoxy

2-hydroxy-2-mcthylpropyl 2-methoxyethyl hydroxy

2-hydroxy-2-methylpropyl 2-methoxyethyl pyridin-3-ylmethoxy

2-hydroxy-2-methylpropyl 2-methoxyethyl (4-chlorobenzyi)oxy
2-hydroxy-2-~niethylpropyl 2-methoxyethyl (4-fluorobenzyi)oxy

z-nyaroxy-z-metnyipropyi z-metnoxyetnyi d-pyriQin-j-yipropoxy

z-metnyipropyi etnyi hydroxy

z-metnyipropyi exnyi pyriQin-j-yimetnoxy

z-metnyrpropy

i

exnyi ^4-cnioroDenzyi,oxy

z-metnyipropyi etnyi (4-fluorobenzyi)oxy
z-metnyipropyi etnyi o-pynGin-J-yipropoxy
*r x-x**x ^vrl*xx rl -v^x*r~*.'*'XX r 1z-metnyipropyi propyl hydroxy

z-metnyipropyi propyl pyndin-3-ylmethoxy
z-metnyipropyi propyl i*ir-cnioroDenzyx^oxy

z-metnyipropyi propyl (4-iiuoroDeiizyijoxy

2-methylpropyl propyl 3-pyridin-3-ylpropoxy

z-metnyipropyi metnoxymetiiyi hydroxy

2-methylpropyl methoxymethyl pyndin-3-ylmethoxy
2-methylpropyl methoxymethyl (4-chlorobenzyl)oxy

z-metnyipropyi methoxymethyl (4-fluorobenzyl)oxy

2-methylpropyl methoxymethyl 3-pyridin-3-ylpropoxy

z-metnyipropyi ethoxymethyl pyndin-3-ylmethoxy

z-metnyipropyi ethoxymethyl (4-chlorobenzyi)oxy

2-methylpropyl ethoxymethyl (4-fluorobenzyl)oxy

z-metnyipropyi ethoxymethyl 3-pyndin-3-ylpropoxy
*J X"vx iQTnt r 1 x^x*/*x-»>xx rlz-metnyipropyi z-mexnoxyemyi hydroxy

2-methylpropyl 2-methoxyethyl pyndin-3-ylmethoxy
xx-x -c rl •*ixx*^**-#'XX rlz-metnyipropyi z-metnoxyetnyi (4-chlorobenzyl)oxy

2-methylpropyl 2-methoxyethyl (4-fluorobenzyl)oxy

z-meinyipropyi z-metnoxyeinyi d-pynam- z>-yipropoxy

propyl ethyl hydroxy

propyl ethyl pyridin-3-ylmethoxy

propyl ethyl (4-chlorobenzyl)oxy

propyl ethyl (4-fluorobenzyl)oxy

propyl ethyl 3-pyridin-3-ylpropoxy
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nrotwlpiupyi pi upyi nyuxoxy
piupyi piopyi py1loiii-o -yiixicLnoxy
twcvtwA propyl ^*+-L/iiioioueiizyijoxy
pX \jijy X pi opyi ^H—iiuorooenzyi^oxy
propyl propyl j-pynum-d-yipropoxy
propyl nicmoxyinemyi nyuroxy

piupyi memoxymeinyi pyiium-j-yimexnoxy

piopyi liiumoxymeinyi / f\ Aril AVAKSQIAr-it rl Irttr* rv^-ciiioroDenzyijoxy

propyl meinoxyrneTnyi {ft-11uorooenzyijoxy

piupyi rnemoxyiiieinyi ~> -pyiiQiii--3-yipropoxy

piopyi ctnoxynicinyl iiyaroxy

propyl einoxymeixiyi pynam-J-yimetnoxy
propyl etnoA3MTicLiiyi (4-chlorobenzyl)oxy

piopyi cLnoAyriieinyi ^H-iiuoroDenzyijoxy
niwnvlpi v/pyi ctiioAyiiictiiyi d-pynQui"d-yipropoxy

piupyi 0_m /^"fViAVI 7<a+l-» a rl-6"iiicmoxyqiiiyi nyaroxy
piupyi Zr-nic liioxycinyi pyxiuiii-j-yjixieiiioxy

propyl ^.-iiicuiL/Ayctiiyi ^-t/iiiorooeiizyi^oxy

piupyi ^_in f^f*l^ /^"V"\r^+Vi "\ rlz,-111cuioxyeinyi ^t—iiuoroDenzyijoxy
nrrvnvlpi UjJj 1 Zf-incmoxyc iiiyi d-pyncini-j-yipropoxy

.z*
3j-uiiiy lii ujvypiupyi euiyi nyaroxy

0 ^-(\\\\\t(\vc\y\ty\tc\\\\t\^
3 «j viniyviiuAypiupyi cuiyi pyiiQixi-^>-yimeinoxy

^3—' \j-iiiyux\JA.ypiupy

i

cuiyi / /l />n 1 ai*aMon ti rl 1avi r^H-ciiioroDenzyiyoxy
O ^-.Hi Vi\/HTr»Y'\/riTr\r\"\/'1Liiiiycii uAypiupyi eiiiyi ^-11uorooenzyijoxy

viiiiyuivjAypiu|jyi cuiyi o-pyriam-0-yipropoxy

KxiLiy liiuAypiupy1 propyl nyaroxy
viinyvxi vjAypi vjpy

i

"trr*r\'r^'\ rlpropyl pynam-3-yimeinoxy
9j-omyliioAypiopyi propyl ^-CxiioroDenzyijoxy

z» ? -iiiiiycuoAypiopyi propyl (4-fluorobenzyl)oxy

iiiiiyinoAypiopyi propyl o-pynam-J-yipropoxy
"U-iiiyuioAypiopyi 111c Li10xyinc Liiy1 nyaroxy

/ S—HiT^/HtY^YX/ivrrvrvxrlvxixiyvxivJAypiLjpyi nicLnoxyirictnyi pyriam-^-yimeinoxy

/'jj u.niym.vjAypiupy

l

iiiuLiioxyixiemy1 i/f-cnioroDenzyijoxy
j

^-H iTlV'H'TriV'VT^TTinvl^3^? u.inyviii/Aypujpyi 111cmoxyiiicmy1 {ft-iiuoroDenzyijoxy

3J -viiiiyuiuAypiupyi nit?moxymemyi 0-pynam-j-yipropoxy
^ 3j -viiiiyuroaypiopyi emoxyxiie Liiyi nyaroxy

j -uxiiyu.1uAypiijpyi etnoxyixieiiiyi pyridin-3-ylmethoxy
0 ^_HlTl\fHlYYY\/TYlYYn\/Iz^jj-ij.xiiytilUAypiupyi emoxyiiiemyi ^-cnioroDenzyijoxy
z- 3^ -viiiiyin \jAypiupyi t^T wiAVXrKM x 71ciiioxyiiiemy1

/ /l +1n 1*\ <an f^^s rl \Av^tr-iiuorooenzyijoxy
2 .3-dihvdroxvnronvl ethoxvm ethv1w i/iivjyv yxaxv^ uxxy x ^ -T\\rv\HiTi—^ -v1nror>r»Y\/j py -i 1vxiii—j-yipiupUAj
2

93-dihydroxypropyl 2-methoxyethyl hydroxy

2,3-dihydroxypropyl 2-methoxyethyl pyridin-3-ylmethoxy

2,3-dihydroxypropyl 2-methoxyethyl (4-chlorobenzyl)oxy
2,3-dihydroxypropyl 2-methoxyethyl (4-fluorobenzyl)oxy

2,3-dihydroxypropyl 2-methoxyethyl 3-pyridin-3-yipropoxy
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4-[^metnyj.suiionyijammoj Duiyi einyi hydroxy

4--[vineinyisuiionyijaminoj Dutyi einyi pyndin-3-ylmethoxy

4-[(methylsulfonyl)aminojbutyl etnyi (4-chlorobenzyl)oxy

4-[(methylsulfonyl)aminojbutyl etnyi (4-fluorobenzyl)oxy
j

4-L(jnetnyisuiionyijaminoj outyi etnyi 3-pyndin-3-ylpropoxy

4-[(methylsulfonyl)amino]butyl propyl hydroxy
4-

[(methylsulfonyl)amino]butyl propyl pyndin-3-ylmethoxy

4-[(methylsulfonyl)amino]butyl propyl (4-chlorobenzyl)oxy

4-[(methylsulfonyl)amino]butyl propyl (4-fluorobenzyl)oxy

4-[(methylsulfonyl)amino]butyl propyl 3-pyridin-3-ylpropoxy

4-[(methylsulfonyl)amino]butyl methoxymethyl hydroxy
4-[(methylsulfonyl)aminojbutyl methoxymethyl pyridin-3-ylmethoxy

4-[(methylsulfonyl)amino]butyl methoxymethyl (4-chlorobenzyl)oxy
4-[(methylsulfonyl)amino]butyl methoxymethyl (4-fluorobenzyl)oxy

4-[(methylsulfonyl)amino]butyl methoxymethyl 3-pyndin-3-ylpropoxy

4-[(methylsulfonyl)amino]butyl ethoxymethyl hydroxy
4-[(methylsulfonyl)aminojbutyl ethoxymethyl pyndin-3-ylmethoxy

4~[^meinyisuiionyijattiinoj outyi ethoxymethyl (4-chlorobenzyl)oxy
4-[(methylsulfcnyl)amino]butyl ethoxymethyl (4-fluorobenzyl)oxy
4-[(methylsulfonyl)aminojbutyl ethoxymethyl 3-pyndin-3-ylpropoxy

4-[(methylsulfonyl)amino]butyl 2-methoxyethyl hydroxy
4-

[(methylsulfonyl)aminojbutyl 2-methoxyethyl pyridin-3-ylmethoxy

4-[(methylsulfonyl)amino]butyl 2-methoxyethyl (4-chlorobenzyl)oxy

4-[(methylsulfonyl)amino]butyl 2-methoxyethyl (4-fluorobenzyl)oxy

4-[(methylsulfonyl)amino]butyl 2-methoxyethyl 3-pyridin-3-ylpropoxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethyl hydroxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethyl pyridin-3-ylmethoxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethyl (4-chlorobenzyl)oxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethyl (4-fluorobenzyl)oxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethyl 3-pyridin-3-ylpropoxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

propyl hydroxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

propyl pyridin-3-ylmethoxy

z-metnyl-z-

[(methylsulfonyl)amino]propyl

propyl (4-chlorobenzyl)oxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

propyl (4-fluorobenzyl)oxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

propyl 3-pyridin-3-ylpropoxy
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z-metnyi-z-

[(methylsulfonyl)amino]propyl

methoxymethyl hydxoxy

z-metiiyi-z-

[(methylsulfonyl)amino]propyl

methoxymethyl pyiidin-3-ylmethoxy

Z-memyi-z-

[(methylsulfonyl)amino]pxopyl

methoxymethyl (4-chloxobenzyl)oxy

z-metnyl-z~

[(methylsulfonyl)amino]pxopyl

methoxymethyl (4-fluoxobenzyl)oxy

z-metnyl-z-

[(methylsulfonyl)amino]propyl

methoxymethyl 3~pyndm-3-ylpxopoxy

2-methyl-2-

[(methylsulfonyl)amino]propyl

ethoxymethyl hydxoxy

z-metnyl-z-

[(methylsulfonyl)amino]propyl

ethoxymethyl pyridin-3-ylmethoxy

z-metnyl-z-

[(methylsulfonyl)amino]propyl

ethoxymethyl (4-chloxobenzyl)oxy

z-metnyl-z-

[(methylsulfonyl)amino]propyl

ethoxymethyl (4-nuoxobenzyl)oxy

z-metnyl-Z-

[(methylsulfonyl)amino]propyl

ethoxymethyl 3-pyridin-3-ylpxopoxy

z-metnyl~z-

[(methylsulfonyl)amino]propyl

z-metnoxyetnyl hydxoxy

z-metnyl~z-

[(methylsulfonyl)amino]pxopyl

2-methoxyethyl pyxidin-3-ylmethoxy

z-metayl~Z"

[(methylsulfonyl)amino]pxopyl

2-methoxyethyl (4-chloxobenzyl)oxy

Z-memyi-z-

[(methylsulfonyl)amino]propyl

2-methoxyethyl (4-fluoxobenzyl)oxy

z-metnyl-2-

[(methylsulfonyl)amino]propyl

2-methoxyetnyl 3-pyndm-3-ylpropoxy

2-[(cyclohexylcaxbonyl)amino]-2-

methylpropyl

ethyl hydxoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethyl pyridin-3-ylmethoxy

2-
[(cyclohexylcaxbonyl)amino]-2-

methylpropyl

ethyl (4-chloxobenzyl)oxy

2-[(cyclohexylcaxbonyl)amino]-2-

methylpropyl

etnyl (4-fluorobenzyl)oxy

2-[(cyclohexylcaxbonyl)amino]-2-

methylpropyl

ethyl 3-pyxidin-3-ylpxopoxy

z- l^cycioncAyicdrDonyijdiiimoj-z-

methylpxopyl

pxopyi nyaxoxy

2-[(cyclohexylcaxbonyl)amino]-2-

methylpxopyl

pxopyl pyridin-3-ylmethoxy

2-[(cyclohexylcaxbonyl)amino]-2-

methylpropyl

pxopyi (4-chloxobenzyl)oxy
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2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

propyl (4-fluorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

propyl 3-pyridin-3-ylpropoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

methoxymethyl hydroxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

methoxymethyl pyridin-3-ylmethoxy

2~[(cyclohexylcarbonyl)amino]-2-

methylpropyl

methoxymethyl (4-chlorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

methoxymethyl (4-fluorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

methoxymethyl 3-pyridin-3-ylpropoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethoxymethyl hydroxy

2 -
[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethoxymethyl pyridin-3-ylmethoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethoxymethyl (4-chlorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethoxymethyl (4-fluorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

ethoxymethyl 3-pyridin-3-ylpropoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

2-methoxyethyl hydroxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

2-methoxyethyl pyridin-3-ylmethoxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

2-methoxyethyl (4-chlorobenzyl)oxy

2-[(cyclohexylcarbonyl)amino]-2-

methylpropyl

2-methoxyethyl (4-fluorobenzyl)oxy

2-[(cyclohexylcarbonyl)ammo]-2-

methylpropyl

2-methoxyethyl 3-pyridin-3-ylpropoxy

4-(l , 1-dioxidoisothiazohdm-2-yl)butyl ethyl hydroxy
4-(l ?

l -dioxidoisothiazolidin-2-yl)butyl ethyl pyridin-3-ylmethoxy

4-(l , 1-dioxidoisothiazohdm-2-yl)butyl ethyl (4-chlorobenzyl)oxy

4-(l , 1-dioxidoisothiazohdm-2-yl)butyl ethyl (4-fluorobenzyl)oxy

4-(l , l -dioxidoisothiazohdm-2-yl)butyl ethyl 3-pyridin-3-ylpropoxy

4-(l , l-dioxidoisothiazohdm-2-yl)butyl propyl hydroxy
4-(l

9 1 -dioxidoisothiazolidin-2-yl)butyl propyl pyridin-3-ylmethoxy

4-(l , l -dioxidoisothiazolidin-2-yl)butyl propyl (4-chlorobenzyl)oxy

4-( l , l -dioxidoisothiazolidin-2-yl)butyl propyl (4-fluorobenzyl)oxy

4-( 1 5 1 -dioxidoisothiazolidin-2-yl)butyl propyl 3-pyridin-3-ylpropoxy

4-(l 3 1 -dioxidoisothiazolidin-2-yl)butyl methoxymethyl hydroxy
4-(l 9 1 -dioxidoisothiazolidin-2-yl)butyl methoxymethyl pyridin-3-ylmethoxy
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4-( i , i -cLioxicioisoimazoixGin-z-yijDuiyx meinoxymeinyx oxxxux yJucixiGyi Ay

Q-y lyi -aioxxGOxsomiazoxiQm-z-yxjDULyx ineLnoxyincLJiyi

4-( i , I -aioxiuOxSOimazonaxn-z-yxjDuryx meinoxymeixiyx -pyx lU-ixi-o-yipxupuxy

4-(l ,1 -dioxidoisothiazolidin-2-yl)butyl etnoxymetnyx xxyuroxy

4-( 1 3 1 -aioxicioisotliiazoiiain-z-yijDutyi einoxymeinyx pyxxuxxr-o -yxxixcixxuxy

4-( 1 3 1 -aioxiaoisotiiiazoiiain-z-yi^Dutyi einoxymeinyL ^-+-oxxxuxuDt?ixzyxjuxy

4-( 1 , 1 -dioxidoisothiazolidin-2~yl)butyl emoxymetnyx ^-+-xxuuxuocixzyxyoxy

3 1 -Q10XlQ01hULXXXdZUXXUXXX-Z,-yX^UU.LyX C LJL1UA.yX1JLO tlxy 1
"3 -r>vrid in-% -vlmrnndyv

4-(l , 1 -dioxidoisothiazolidin-2-yl)butyl 2-methoxyethyl hydroxy

4-(l 9
l-dioxidoisothiazolidin-2-yl)butyl 2-methoxyethyl pyridin-3-ylmethoxy

4-(l , 1-dioxidoisothiazolidin-2-yl)butyl 2-methoxyethyl (4-chlorobenzyl)oxy

4-(l , 1 -dioxidoisothiazolidin-2-yl)butyl 2-methoxyethyl (4-fluorobenzyl)oxy

4-(l , 1 -dioxidoisothiazolidin-2-yl)butyl 2-methoxyethyl 3-pyridin-3-ylpropoxy

Compounds of the invention were found to induce cytokine biosynthesis when

tested using the method described below.

5 CYTOKINE INDUCTION IN HUMAN CELLS

An in vitro human blood cell system is used to assess cytokine induction. Activity

is based on the measurement ofinterferon (a) and tumor necrosis factor (a) (IFN and TNF,

respectively) secreted into culture media as described by Testerman et al. in "Cytokine

Induction by the hnmunomodulators Imiquimod and S-27609," Journal ofLeukocyte

10 Biology, 58, 365-372 (September, 1995).

Blood Cell Preparation for Culture

Whole blood from healthy human donors is collected by venipuncture into EDTA

vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole

1 5 blood by density gradient centrifugation using HISTOPAQUE- 1 077. Blood is diluted 1 :

1

with Dulbecco^ Phosphate Buffered Saline (DPBS) or Hank's Balanced Salts Solution

(HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and

resuspended at 4 x 10
6
cells/mL in RPMI complete. The PBMC suspension is added to 48

well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson

20 Labware, Lincoln Park, NJ) containing an equal volume ofRPMI complete media

containing test compound.
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Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO
concentration should not exceed a final concentration of 1% for addition to the culture

wells. The compounds are generally tested at concentrations ranging from 30-0.014

micromolar (m,M).

Incubation

The solution of test compound is added at 60 \xM to the first well containing RPMI

complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then

added to the wells in an equal volume, bringing the test compound concentrations to the

desired range (30-0.014 ^iM). The final concentration ofPBMC suspension is 2 x 10
6

cells/mL. The plates are covered with sterile plastic lids, mixed gently and then incubated

for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere.

Separation

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm

(approximately 200 x g) at 4°C. The cell-free culture supernatant is removed with a sterile

polypropylene pipet and transferred to sterile polypropylene tubes. Samples are maintained

at -30°C to -70°C until analysis. The samples are analyzed for interferon (a) by ELISA and

for tumor necrosis factor (a) by ELISA or IGEN Assay.

Interferon (a) and Tumor Necrosis Factor (a) Analysis by ELISA
Interferon (a) concentration is determined by ELISA using a Human Multi-Species

kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in

pg/mL.

Tumor necrosis factor (a) (TNF) concentration is determined using ELISA kits

available from Biosource International, Camarillo, CA. Alternately, the TNF concentration

can be determined by ORIGEN M-Series Immunoassay and read on an IGEN M-8

analyzer from IGEN International, Gaithersburg, MD. The immunoassay uses a human

TNF capture and detection antibody pair from Biosource International, Camarillo, CA.

Results are expressed in pg/mL.
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Certain compounds of the invention may inhibit the production ofTNF-a when

tested using the method described below.

5 CYTOKINE INHIBITION IN MOUSE CELLS

The mouse macrophage cell line Raw 264.7 is used to assess the ability of

compounds to inhibit tumor necrosis factor-a (TNF-a) production upon stimulation by

lipopolysaccharide (LPS).

10 Single Concentration Assay:

Blood Cell Preparation for Culture

Raw cells (ATCC) are harvested by gentle scraping and then counted. The cell

suspension is brought to 3 x 10
5
cells/mL in RPMI with 10 % fetal bovine serum (FBS).

Cell suspension (100 jiL) is added to 96-well flat bottom sterile tissues culture plates

1 5 (Becton Dickinson Labware, Lincoln Park, NJ). The final concentration of cells is 3 x 10
4

cells/well. The plates are incubated for 3 hours. Prior to the addition of test compound the

medium is replaced with colorless RPMI medium with 3 % FBS.

Compound Preparation

20 The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO
concentration should not exceed a final concentration of 1% for addition to the culture

wells. Compounds are tested at 5|uM. LPS (Lipopolysaccaride from Salmonella

typhimurium, Sigma-Aldrich) is diluted with colorless RPMI to the EC70 concentration as

measured by a dose response assay.

25

Incubation

A solution of test compound (1 (il) is added to each well. The plates are mixed on a

microtiter plate shaker for 1 minute and then placed in an incubator. Twenty minutes later

the solution ofLPS (1 jjL9 EC70 concentration ~ 10 ng/ml) is added and the plates are

30 mixed for 1 minute on a shaker. The plates are incubated for 1 8 to 24 hours at 37 °C in a 5

% carbon dioxide atmosphere.
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TNF-a Analysis

Following the incubation the supernatant is removed with a pipet. TNF-a

concentration is determined by ELISA using a mouse TNF- a kit (from Biosource

International, Camarillo, CA). Results are expressed in pg/mL. TNF-a expression upon

LPS stimulation alone is considered a 100% response.

Dose Response Assay:

Blood Cell Preparation for Culture

Raw cells (ATCC) are harvested by gentle scraping and then counted. The cell

suspension is brought to 4 x 10
5
cells/mL in RPMI with 10 % FBS. Cell suspension (250

jliL) is added to 48-well flat bottom sterile tissues culture plates (Costar, Cambridge, MA).

The final concentration of cells is 1 x 10
5
cells/well. The plates are incubated for 3 hours.

Prior to the addition of test compound the medium is replaced with colorless RPMI

medium with 3 % FBS.

Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO
concentration should not exceed a final concentration of 1% for addition to the culture

wells. Compounds are tested at 0.03, 0.1, 0.3, 1, 3, 5 and 10 jxM. LPS

(Lipopolysaccaride from Salmonella typhimurium, Sigma-Aldrich) is diluted with

colorless RPMI to the EC70 concentration as measured by dose response assay.

Incubation

A solution of test compound (200 (xl) is added to each well. The plates are mixed

on a microtiter plate shaker for 1 minute and then placed in an incubator. Twenty minutes

later the solution ofLPS (200 pL, EC70 concentration ~ 10 ng/ml) is added and the plates

are mixed for 1 minute on a shaker. The plates are incubated for 18 to 24 hours at 37 °C in

a 5 % carbon dioxide atmosphere.

TNF-a Analysis
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Following the incubation the supernatant is removed with a pipet. TNF-a

concentration is determined by ELISA using a mouse TNF- a kit (from Biosource

International, Camarillo, CA). Results are expressed in pg/mL. TNF-a expression upon

LPS stimulation alone is considered a 100% response.

The complete disclosures ofthe patents, patent documents, and publications cited

herein are incorporated by reference in their entirety as ifeach were individually

incorporated. The present invention has been described with reference to several

embodiments thereof. The foregoing illustrative embodiments and examples have been

provided for clarity ofunderstanding only, and no unnecessary limitations are to be

understood therefrom. It will be apparent to those skilled in the art that many changes can

be made to the described embodiments without departing from the spirit and scope ofthe

invention. Thus, the scope ofthe invention is intended to be limited only by the claims

that follow.
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What is claimed is:

1 . A compound of the formula (I)

:

5 I

wherein:

R3 is selected from the group consisting of:

-Z-Ar,

-Z-ArT-Y-R4,

10 -Z-Ar'-X-Y-R^

-Z-Ar'-R5? and

-Z-Arf-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

15 -O-;

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

20 aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

Ar' is selected from the group consisting of arylene and heteroarylene both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

25 haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;
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X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more

-O- groups;

Y is selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8>,

-C(R6)-,

-C(R6)-0-,

-0-C(R*)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q—
R ;

-N-C(R6)-N-W-

—N—

R

7—N-Q-

^ R
7
^

—V-N

10
, and

N-C(R6)-N
J ^R

?

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl? alkenyl,
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alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted

or substituted by one or more substituents independently selected from the group

consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy,

mercapto, cyano, aryl ? aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

each R<5 is independently selected from the group consisting of=0 and =S;

each Ry is independently C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -S(O)0-2-, -CH2
-
? and

-NOEU)-;

Q is selected from the group consisting of a bond, -C(R6)- ? -C(R6)-C(R6K

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(Rs)-, -CCR^-O-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of-C(R6)- ?
-OC(R6)- ?

-N(R8)-C(R6)-, and -S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

R1 and R" are independently selected from the group consisting ofhydrogen and

non-interfering substitutents; and

n is 0 or 1;

N-C(R6
)- A

, and
(CH2)b
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or a pharmaceutical^ acceptable salt thereof.

2. The compound or salt of claim 1 wherein n is 0.

3. The compound or salt ofclaim 1 or claim 2 wherein R3 is selected from the

group consisting of-Z-Ar, -Z-Ar'-X-Y-R^ and —Z-Ar'-Y-R*.

4. The compound or salt ofclaim 3 wherein R3 is —Z-Ar.

5. The compound or salt ofclaim 3 wherein R3 is -Z-Ar'-X-Y-Rj, or

-Z-Ar'-Y-R* wherein Y is -S(0)2-, -N(R8)-S(0)2-, -C(R6)-, or-C^-O- X is CU2

alkylene; and R4 is alkyl or phenyl.

6. The compound or salt ofclaim 4 wherein Ar is phenyl or heteroaryl which

is unsubstituted or substituted by one or more substituents independently selected from the

group consisting of alkyl, alkoxy, nitro, cyano, carboxy, halogen, hydroxyalkyl, amino,

alkylamino, dialkylamino, trifluoromethyl, trifluoromethoxy, and thienyl.

7. The compound or salt of claim 6 wherein heteroaryl is selected from the

group consisting ofbenzothiazolyl, furanyl, imidazolyl, indolyl, isoxazolyl, oxadiazolyl,

pyrazinyl, pyridinyl, pyrrolyl, thiazolyl, and thienyl.

8. The compound or salt of any one of claims 1 through 7 wherein Z is a bond,

alkylene, or alkylene interrupted by -O-.

9. The compound or salt of claim 8 wherein Z is C1-3 alkylene.

10. The compound or salt of claim 8 wherein Z is a bond.

1 1 . The compound or salt of any one of claims 1 through 10 wherein RT

is

selected from the group consisting of:

-R4,
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-X-R4,

-X-Y-R4,

-X-Y-X-Y-R,, and

-X-R5 .

5

1 2. The compound or salt of any one of claims 1 through 10 wherein R" is

selected from the group consisting of:

-R4,

-X-R4,

10 -X-Y-R4, and

-X-R5 .

13. The compound or salt of claim 1 1 wherein R' is selected from the group

consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, dihydroxyalkyl,

1 5 alkylsulfonylalkylenyl, heterocyclylalkylenyl wherein heterocyclyl is optionally substituted

by one or more alkyl groups, -X-Y-R4, and -X-R5 ; whereinX is alkylene, Y is

isi-Q—

P J
-N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(Rs)-N(R8)-, or

K™
; R, is alkyl, aryl,

arylalkylenyl, or heteroaryl, each ofwhich is optionally substituted by one or more

substituents selected from the group consisting of alkyl, alkoxy, halogen, or dialkylamino;

20 and R5 is

/-(CH2U
-N-C(R6) -N-S(0)2 _N(Ra) -c(0)-N A

14. The compound or salt of claim 12 wherein R" is selected from the group

consisting ofhydrogen, alkyl, alkoxyalkylenyl, and -X-N(Rs)-C(R6)-N(R8)-R4 wherein X

25 is Cm alkylene, and R4 is C1.4 alkyl.

15. A compound of the formula (II)

:
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wherein:

R3 is selected from the group consisting of:

-Z-Ar,

-Z-Ar'-Y-R^

-Z-Ar'-X-Y-R4,

-Z-Arf-R5? and

-Z-Ar'-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-O-;

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylatnino;

Arr

is selected from the group consisting of arylene and heteroarylehe both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylatnino;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

n is 0 or 1

;

Ri is selected from the group consisting of:
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-R4,

-X-R4,

-X-Y-R4,

-X-Y-X-Y-R4, and

-X-R5 ;

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

each X is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can he optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6>,

-C(Rs)-0-,

-O-CCRe)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,
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—N— R/-N-Q-

-V-N

V R10
, and

N-C(R6)-N

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

N-C(f%) ~N-S(0)2 \ -(- N-C(R6)-N \

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each Rs is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

eachR9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(O)-,

-S(0)o-2-, -CH2-, and -N(R4>;
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each Q is independently selected from the group consisting of a bond, -C(R6)-,

-C(R6)-C(R6)-, -S(0)2-, -C(R6)~N(R8)-W-3 -S(0)2-N(R8K -C(R6)-0-, and

-C(R6)-N(OR9)-;

each V is independently selected from the group consisting of -C(R6)-,

5 -0-C(R6)-, -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutically acceptable salt thereof

10

16. The compound or salt of claim 15 wherein n is 0.

17. The compound or salt ofclaim 15 or claim 16 wherein R3 is -Z-Ar'-Y-Rj. or

-Z-Ar'-X-Y-EU.

15

18. The compound or salt ofclaim 17 wherein X is Ci_2 alkylene; Y is

-NH-S(0)2-, -S(0)2-, -C(0)- ?
or -C(0)0-; and R4 is C1-4 alkyl or phenyl.

19. The compound or salt of any one of claims 15 through 18 wherein Z is a

20 bond, alkylene, or alkylene interrupted by -O-.

20. The compound or salt ofclaim 19 wherein Z is C1-3 alkylene.

21 . The compound or salt ofclaim 1 9 wherein Z is a bond.

25

22. The compound or salt of any one of claims 15 through 21 wherein Ri is

selected from the group consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl,

dihydroxyalkyl, alkylsulfonylalkylenyl, heterocyclylalkylenyl wherein heterocyclyl is

optionally substituted by one or more alkyl groups, -X-Y-R4, and -X-R5 ; wherein X is

30 alkylene, Y is
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Osl-Q—

-N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(R6)-N(R8)-, or ; R4 is alkyl, aryl,

arylalkylenyl, or heteroaryl, each ofwhich is optionally substituted by one or more

substituents selected from the group consisting of alkyl, alkoxy, halogen, or dialkylamino;

and R5 is

^-(CH2)a -.

-N-C(Re) -N-S(0)2 -N(R8)-C(0)-N AW ^R/ or
X(CH2)b

^

23. The compound or salt of claim 22 wherein Ri is selected from the group

consisting of 2-hydroxy-2-methylpropyl, 2-methylpropyl, propyl, 2,3-dihydroxypropyl, 4-

[(methylsulfonyl)amino]butyl, 2-methyl-2-[(methylsulfonyl)amino]propyl, 2-

[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-(l,l -dioxidoisothiazolidin-2-yl)butyl,

tetrahydro-2//-pyran-4-ylmethyl, and (2 5
2-dimethyH 53-dioxolan-4-yl)methyl.

24. The compound or salt ofany one of claims 15 through 23 wherein R2 is

selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

-X-N(R8)-C(R6)-N(R8)-R4 wherein X is C1-4 alkylene, and R4 is C1-4 alkyl.

25. The compound or salt ofclaim 24 wherein R2 is selected from the group

consisting ofhydrogen, methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-

methoxyethyl, and methylaminocarbonylaminomethyl.

26. The compound or salt ofclaim 25 wherein R2 is selected from the group

consisting of ethyl, propyl, 2-methoxyethyl, ethoxymethyl, and methoxymethyl.

27. A compound of the formula (HI):
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R3-1

wherein:

R3 _i is -Z-Ar;

5 Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-O-;

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

10 from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

15 trifluoromethyl;

n is 0 or 1

;

Ri is selected from the group consisting of:

-X-R4,

20 -X-Y-R4,

-X-Y-X-Y-R4, and

-X-R5 ;

R2 is selected from the group consisting of:

-R4,

25 -X-R4,

-X-Y-R4, and

-X-R5 ;
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eachX is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

_/L N-Q—

5

each R4 is independently selected from the group consisting of hydrogen, alkyl,

alkenyl, alkynyl, aryl? arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
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heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

5 heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

^(CH2)a ^
^(^H2)a^

-N-C(Re) -N-S(0)2 \ -f
N-C(R6

)-N A

^ R J ^ R/ Vch ^ J> V *J (CH2)b^
10 each Re is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each Rg is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

1 5 each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2-, -CH2-, and -N(R4)-;

each Q is independently selected from the group consisting of a bond, -CCRe)-,

-C(Ra)-C(R6>, -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8>, -C(R6)-0-, and

20 -C(R6)-N(OR9)-;

each V is independently selected from the group consisting of -C(R6)->

-OC(R6)-, -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

25 a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutical^ acceptable salt thereof.

28. The compound or salt of claim 27 wherein n is 0.

-274-



WO 2005/020999 PCT7US2004/028021

29. The compound or salt of claim 27 or 28 wherein Ar is phenyl or heteroaryl

which is unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, nitro, cyano, carboxy, halogen, hydroxyalkyl,

amino, alkylamino, dialkylamino, trifluoromethyl, trifluoromethoxy, and thienyl.

30. The compound or salt of claim 29 wherein heteroaryl is selected from the

group consisting ofbenzothiazolyl, furanyl, imidazolyl, indolyl, isoxazolyl, oxadiazolyl,

pyrazinyl, pyridinyl, pyrrolyl, thiazolyl, and thienyl.

3 1 . The compound or salt of any one of claims 27 through 30 wherein Z is a

bond, alkylene, or alkylene interrupted by -O-.

32. The compound or salt of claim 3 1 wherein Z is C1-3 alkylene.

33. The compound or salt of claim 3 1 wherein Z is a bond.

34. The compound or salt of any one of claims 27 through 33 wherein Ri is

selected from the group consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl,

dihydroxyalkyl, alkylsulfonylalkylenyl, heterocyclylalkylenyl wherein heterocyclyl is

optionally substituted by one or more alkyl groups, -X-Y-R4, and -X-R5 ; wherein X is

alkylene, Y is

arylalkylenyl, or heteroaryl, each ofwhich is optionally substituted by one or more

substituents selected from the group consisting of alkyl, alkoxy, halogen, or dialkylamino;

and R5 is

-N(R8>C(OK -N(R8)-S(0)2-, -N(R8)-C(R6)-N(R8)- 9

—N— C(R6) —N— S(0)2

^(CH2)a ^
-N(R8)-C(0)-N

,or
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35. The compound or salt ofclaim 34 wherein Ri is selected from the group

consisting of 2-hydroxy-2-methylpropyl, 2-methylpropyl, propyl, 2,3-dihydroxypropyl, 4-

[(methylsulfonyl)amino]butyl, 2-methyl-2-[(methylsulfonyl)amino]propyl, 2-

[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-( 1 , 1 -dioxidoisothiazolidin-2-yl)butyl

,

5 tetrahydro-2i7-pyran-4-ylmethyl
J(
and (2 52-dimethyl-l ?3-dioxolan-4-yl)methyL

36. The compound or salt of any one of claims 27 through 35 wherein R2 is

selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

-X-N(R8)-C(R6)-N(R8)-R4 whereinX is CU4 alkylene, and R4 is C1.4 alkyl.

10

37. The compound or salt of claim 36 whereinR2 is selected from the group

consisting ofhydrogen, methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-

methoxyethyl, and methylaminocarbonylaminomethyl.

15 38. The compound or salt ofclaim 37 whereinR2 is selected from the group

consisting of ethyl, propyl, 2-methoxyethyl, ethoxymethyl, and methoxymethyl.

39. A compound of the formula (VIT):

20 vn

wherein:

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

25

trifluoromethyl;

n is 0 or 1;

R1-1 is selected from the group consisting of:

-R4-1,

-X'-Rm,
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-X'-Y'-X-Y-]•R4, and

-X'-R5 ;

R2 is selected from the group consisting of:

each X is independently selected from the group consisting of alkylene, alkenylene
5

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

X1

is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by an arylene, heteroarylene or

heterocyclylene group;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6>,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-5

-C(R6)-N(OR9)-,

-X-R4,

-X-Y-R4, and

-X-R5 ;
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Y* is selected from the group consisting of:

5 -S(0)2-N(R8)-,

-C(Re)-,

-C(R6)-0-,

-0-C(0)-0-,

-N(R8)-Q-,

10 -C(R6)-N(Rg)-,

-0-C(R6)-N(R8)-,

-C^-NCOR^-,

15

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,
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heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro
5
hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R4-1 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and

heterocyclyl wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, alkylarylenyl,

heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be

unsubstituted or substituted by one or more substituents independently selected from the

group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro,

hydroxy, mercapto, cyano, aryl, heteroaryl, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

/-(CH2)aN
^H2)a^

-N-C(R6)
~N-S(0)2 _V-r4 \ -h N-C(R6)-N A

^ r J ^ r/ Vch ) ~y v *y (CH2)b

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting of hydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(O)-,

-S(O)0-2-, -CH2-, and -N(R4>;

each Q is independently selected from the group consisting of a bond, -C(R6)-,
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-C(R6)-C(R6h -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and

-C(R6)-N(OR9)s

each V is independently selected from the group consisting of -C(R6K

-0-C(R6)- 5 -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutical^ acceptable salt thereof; with the proviso that when Rw is hydrogen

or 2-methylpropyl, R2 is other than hydrogen, and with the further proviso that when Ri-i

is 2-methylpropenyl or 2-hydroxy-2-methylpropyl, R2 is other than methyl, ethoxymethyl,

and hydroxymethyl.

40. The compound or salt of claim 39 wherein Ri_i is selected from the group

consisting of alkyl, arylalkylenyl, hydroxyalkyl, dihydroxyalkyl, heterocyclylalkylenyl

wherein heterocyclyl is optionally substituted by one or more alkyl groups, -X'-Y'-R^, and

-X'-R5 ; wherein X' is alkylene; Y' is -N(R8>Q-, and Q is selected from the group

consisting of-C(R6)-, -S(0)2-, and -C(R6)-N(R8)-W-; R4 is alkyl, aryl, arylalkylenyl, or

heteroaryl, each ofwhich is optionally substituted by one or more substituents selected

from the group consisting of alkyl, alkoxy, halogen, or dialkylamino; and R5 is

^(CH2)a ^-N-S(0)2 -n(r8
)-c(0)-N A

R/ or
V (CH2)b

-^

41 . The compound or salt of claim 40 wherein Ri_i is selected from the group

consisting of 2-hydroxy-2-methylpropyl, 2-methylpropyl, propyl, 2,3-dihydroxypropyl, 4-

[(methylsulfonyl)amino]butyl, 2-methyl-2-[(methylsulfonyl)amino]propyl, 2-

[(cyclohexylcarbonyl)amino]-2-methylpropyl, 4-(l,l-dioxidoisothiazolidin-2-yl)butyl,

tetrahydro-2ff-pyran-4-ylmethyl, and (2,2-dimethyl-l,3-dioxolan-4-yl)methyl.

42. The compound or salt of any one ofclaims 39 through 41 wherein n is 0.
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43. The compound or salt ofany one of claims 39 through 42 wherein R? is

selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

-X-N(R8)-C(R6)-N(R8)-R4 wherein X is Cm alkylene, and R4 is Ci_4 alkyL

44. The compound or salt of claim 43 wherein R2 is selected from the group

consisting ofhydrogen, methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-

methoxyethyl, and methylaminocarbonylaminomethyl.

45. The compound or salt ofclaim 44 wherein R2 is selected from the group

consisting of ethyl, propyl, ethoxymethyl, 2-methoxyethyl, and methoxymethyl.

46. A pharmaceutical composition comprising a therapeutically effective

amount of a compound or salt of any one of claims 1 through 45 in combination with a

pharmaceutically acceptable carrier.

47. A method of inducing cytokine biosynthesis in an animal comprising

administering an effective amount of a compound or salt of any one of claims 1 through 45

to the animal.

48. A method of treating a viral disease in an animal in need thereof comprising

administering a therapeutically effective amount of a compound or salt of any one of

claims 1 through 45 to the animal.

49. A method of treating a neoplastic disease in an animal in need thereof

comprising administering a therapeutically effective amount of a compound or salt of any

one ofclaims 1 through 45 to the animal.

50. A compound of the formula (IX):
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IX

wherein:

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;

n is 0 or 1;

Ri_i is selected from the group consisting of:

-R4-1?

-X'-R^-i,

-XVYVEU,

Ot'-Y'-X-Y-R^ and

-X'-R5 ;

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

each X is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

X' is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted by an arylene, heteroarylene or

heterocyclylene group;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,
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-C(Re)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(Rg)-Q-,

-C(R6)-N(R8)-,

-O-CC^-NCRg)-,

-C(R6)-N(OR9)-,

N-Q—
R JK10

-N-C(R6
)-N-W-

—N— R7—N-Q—R-N-

R7
^

—V-N

^ Rl
°

, and

N-C(R6)-N^

Y' is selected from the group consisting of:

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-?

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-O-CCR^-NCRg)-,

-C(R6)-N(OR9)-,

R10

N-Q—
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-N-C(R6
)-N-W-

-N— R7
—N-Q—

-V-N

10
, and

5 each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

10 can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

15 oxo;

R4-1 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and

heterocyclyl wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, alkylarylenyl,

heteroaryl, heteroarylalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be

20 unsubstituted or substituted by one or more substituents independently selected from the

group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro,

hydroxy, mercapto, cyano, aryl, heteroaryl, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

25 each R5 is independently selected from the group consisting of:
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—N— C(Re) —N— S(O).

, and

each R6 is independently selected from the group consisting of-O and =S;

each R7 is independently C2 _7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;

each A is independently selected from the group consisting of -O-, -C(0)- ?

-C(R6)-C(R6)-, -S(0)2-, ~C(R6)-N(R8)-W- 3 -S(0)2-N(R8)-, and

-C(R6)-N(OR9)s

each V is independently selected from the group consisting of -C(R6)- 9

-OC(R6;h -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -0(0)-, and

-S(0)2-; and

a and b are independently integers from 1 to 6 with the proviso that a 4- b is < 7;

or a pharmaceutical^ acceptable salt thereof.

51. The compound or salt of claim 50 wherein R1-1 is selected from the group

consisting of alkyl, arylalkylenyl, hydroxyalkyl, dihydroxyalkyl, heterocyclylalkylenyl

wherein heterocyclyl is optionally substituted by one or more alkyl groups, -X-Y'-R4? and

-X'-R5 ; wherein X' is alkylene; Y1

is -N(R8)-Q-; and Q is selected from the group

consisting of-C(R6)-, -S(0)2-, and -C(R6>N(R8)-Ws R4 is alkyl, aryl, arylalkylenyl, or

heteroaryl, each ofwhich is optionally substituted by one or more substituents selected

from the group consisting of alkyl, alkoxy, halogen, or dialkylamino; and R5 is

-S(O)0-2-, -CH2-, and -NCR4)-;

each Q is independently selected from the group consisting of a bond, -C(R6)- ?

-N-S(0)2 1M(R8)-C(0)-N A
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52. A compound ofthe formula (XI):

R3
-0

XI

wherein:

R3 is selected from the group consisting of:

-Z-Ar,

-Z-Ar'-Y-R4,

-Z-Ar'-X-Y-I^,

-Z-Ar'-R5, and

-Z-Ar?-X-R5 ;

Z is selected from the group consisting of a bond, alkylene, alkenylene, and

alkynylene wherein alkylene, alkenylene, and alkynylene are optionally interrupted with

-O-;

Ar is selected from the group consisting of aryl and heteroaryl both ofwhich can be

unsubstituted or can be substituted by one or more substituents independently selected

from the group consisting of alkyl, alkenyl, alkoxy, methylenedioxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

Arr

is selected from the group consisting of arylene and heteroarylene both of

which can be unsubstituted or can be substituted by one or more substituents

independently selected from the group consisting of alkyl, alkenyl, alkoxy, haloalkyl,

haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, mercapto, cyano, carboxy, formyl, aryl,

aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl,

heterocyclylalkylenyl, amino, alkylamino, and dialkylamino;

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and

trifluoromethyl;
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nis Oor 1;

Ri is selected from the group consisting of:

-R4,

-X-R4,

5 -X-Y-R4,

-X-Y-X-Y-R4, and

-X-R5 ;

R2 is selected from the group consisting of:

-R4,

10 -X-R4,

-X-Y-R4, and

-X-R5 ;

each X is independently selected from the group consisting of alkylene, alkenylene,

alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene,

1 5 and alkynylene groups can be optionally interrupted by arylene, heteroarylene or

heterocyclylene or by one or more -O- groups;

each Y is independently selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

20 -CCRO-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0,

-N(R8)-Q-,

25 -C(R6)-N(R8)-,

-0-C(Rs)-N(R8)-,

-C(R6)-N(OR9)-,
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-N-C(R6)-N-W-

—N— R7—ISI-Q—N— R-N

—V-N
Rl

°
, and

N-C(R6
)-N

r J V R10

each R4 is independently selected from the group consisting ofhydrogen, alkyl,

alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein

the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heterdaryloxy,

heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

each R5 is independently selected from the group consisting of:

/. A _Z_ N — CXRA—N I~N-C(R6)
-N-S(0)2 _v-f(i ^ -A N-C(Re)-N A

each R6 is independently selected from the group consisting of=0 and =S;

each R7 is independently C2-7 alkylene;

each R8 is independently selected from the group consisting ofhydrogen, alkyl,

alkoxyalkylenyl, and arylalkylenyl;

each R9 is independently selected from the group consisting ofhydrogen and alkyl;

each Rio is independently C3-8 alkylene;
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each A is independently selected from the group consisting of -O-, -0(0)-,

-S(O)0-2-, -CH2-, and -N(R4)-;

each Q is independently selected from the group consisting of a bond, -C(R<5)-,

-C(R6>C(R6K -S(0)2-, -C(R6)-N(R8)-W-?
-S(0)2-N(R8)-, -C(R6)-0-, and

5 -C(R6)-N(OR9)-;

each V is independently selected from the group consisting of-C(R6)- ?

-0-C(R6)-, -N(R8)-C(R6)-, and -S(0)2-;

eachW is independently selected from the group consisting of a bond, -C(O)-, and

-S(0)2-; and

10 a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

or a pharmaceutically acceptable salt thereof.

53. The compound or salt ofclaim 52 wherein R3 is benzyl.

15 54. The compound or salt ofclaim 52 or claim 53 wherein Ri is selected from

the group consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl,

alkylsulfonylalkylenyl, heterocyclylalkylenyl wherein heterocyclyl is optionally substituted

by one or more alkyl groups, -X-Y-R4, and -X-R5; wherein X is alkylene, Y is

N-Q—
V R J

-N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(0)-N(R8)-, or
Kl°

; R4 is alkyl, aryl,

20 arylalkylenyl, or heteroaryl, each ofwhich is optionally substituted by one or more

substituents selected from the group consisting of alkyl, alkoxy, halogen, or dialkylamino;

and R5 is

^(CH2)a ^
N C(Rg) -N-S(0)2 -N(R8) .C(0)-N A
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